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F-y >?m<Dxa¥f&&4smz^vi&. sx>i • z 
jo isjtt'tzKizflM&V'fi't - f • xy > b 

^;U^y • ^y^?O*^S^4680595#lc&, giJW/S 

co-rv^ . v/* x >y f • xy > b • ^*y FtfUfl^trc^ 
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MtyX)\st*mm-%*y*.v f • f+*;i/*»»ft 

. i/x^y F • Xy V F • K*BH^LT^So 

v ^ (D*ffl«p«F ^421 6477^Rtf 3 F 03KH«r«FS4 
525728#(Ortg«, << ^5 BtiM^m^M LtlSt^ 
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y'X/l'fcOttBMffKJSUTliaoXW^. JiVs* 
^>y ^©#H ! f$I i Fgi4584590*|©3l 3 4 EIK 

f x-y h • XUVh • K^BB^^nr^S. 
ffirtSOffiKWa^ W^W 14 * ^x 

^£0*8^1*^4435721 V «V ^0*HWWF*45Z8575 

4$flFS3427850#K!fl^£*lTI/''3. 

C©J:^C, • fx-yb -XUVb • ^ KCBB 

oflMwftvW • fx y b • XD v b • 'N-y F** 20 

U-fttEiMtUfc'hSMW:'* ' ^" b • XUVb • 

<s*tfc-r • fx? h • xu > b • ^y F*a«-r 

eBflsuta-f • i/x -y b • XU>b • 'N-y F*« 

• f x-y b • X'J >b • ^y 
#fgf!B©-f • fx y b • X'J > b - ^-y Ftt, £1 

«*ijfi**u cn6©*Ji«»*. 

fc©«tt©yX;l/*f&*Lfc/X;l/«fc, ttP3»©tI» 

jgfig u i: « ±85 y X;w *=mc wts-r % ±e 

K. H L TR^ a yJrt ©^V * SW^ffiS*^ 
#»H©'<'>* • f x-y b • XU y b • ^~y Fti, £S 

^©*#*EKaf-rs«»©i'>^E^«^ffi^* 5 * 
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[Hiffi50>]] 

yc-T, *S!W©ll«5fflJ©»lW©*<JKfliiai:ft*tttfiCBII 

&#K«fc0&*#5giS£n5)g3&©-l'>'* • f x-y b • 
/X;^7 WDiKii Lft'l^SO Kn 7 7 ■ • x 
t> F • ^ V* ■ fx -y b • XU V b • F'n©SW 
T-£>£<, XU > b • FflWjKOCEa&ftLXy > 
b«ffv\ *©&XU VhjSft^ttffii***^! 6 !^^ 

k> m £ n s £ -5 a * X7 # s© x u > b gffi k fcffl 

JtiS-fVi' • f x-y b • XU yh • ^y K*:*f*.T* 
<fc? 0 C©»^, ^X/l' • TlM-©^!/^©^^ 
JK*pg*)'hS<»fi£LTffi>5f©yX/U*^XU yb«# 

* T'©ffi8t©^e>o#^ttj*5«^'J^ < -rs J: ^ ax 

|J >h • 'N-y FtfUS c©«/J^^iBSggSti. X 

u > f »&*©ae» £#;£©# X'J >F-r*f x 

•y h • yX^SttcaKHUl/- 1 . <?"Jx.ti\ Hfe^XU 

> b-r ^48<i©y X;i/T- 1 ^rv^^fc 03009 >r v©ffi 
*T-X'j^h'&-r5Jt-&. toyx/i/jijoa'J^BEPi 

14, 47/30<H' V^-fc&^o 

MIC, XU^b • ^-y K©*¥/3l*l©ft*t»* / J xK '*"* 
CtA^MSH/^o MiiWtcfi, 48fS©yX;l/^ffl^^Tl 
-Y >3-%rc K> SOO^'J' >*Hfet?*¥Rtf SH7^(S] t X 
•J yhtS^'V FSB#©«£\ 48<ffl©yX;l'©Sil7tifi] 
©?iJ«« : »]©/X7l'©*'L^5S^©yX4/©*^*T' 

coS*AM7/300-< h4§o C©ffifiK©ii-as =&y*X 

X;l/«*¥?3l*lCt"6UT*J«-r*k. XU>h«M*± 
&LfcSS^*;iSIM^©^-f y«»t>T#W*ii£ 
tcJ;0, X'J>FB#Hfcg<fc*±KX'J>*£H£f* 

ft*<SRSi£©ffl*^t>-&) ©«73[fil©^?i«. X'JVh 

»ffi*©>S!«©«± 0 <5j« t < aitntf a 6 av>© 
tc-r^©*^!/^ 

yX^©7K¥73l^)©P^RS ; &« / J^ ;: '^ ; S— oOfimt. 4 
><7E77MXl±Ey7^§8©7H'©«^rtEf 5 It»«fiS 

ai^Ati^^tr-i^. <t!ici^T©«fi!tS^«> c 

ffi^^§§©±ffi)]©®rt^SSlt5Ci:^m*. <i!i77. A 
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*l(4&</\> 

<D7k¥7ji«o<o-fn«\ smuKHi®**^* 1 *** 

1 ocoiCT*IEi)i^ti5^TOyX;l'ff'07K¥7T'tSl«0^1 ! § 
^ . j;x-v b • X'J > b • ^ FO»*i: LTffl*fc» 

K2Bi(i< *»wo-fv^ • s*xy b • XWb • 'w 

*RWO^'Jy b •'vy Ftt, ^SfOy 

>b-r*. * 
atni&tr. aswa^r • ~>*x-y b • X'j >b • 

FW, Hfe> T4f>#atf-fxn-***W* 
40>S<i:t>4O(0*«f4WU cn6tt*6Rt« 
ffi=Jgfe<DXU>bfCfflt>P)tl5o L**U ^W^S 
14, 7'Jy*oiSft, «AtfJ»ftO#T?^y vbTSi: 

■J y 1 +• 8RLM > * AP20£i§jl L T -f > 
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C <DVi *) K «fc 0 > ^M22F*9CO-T is* VZX.HL 

jigs26*aoT'f>^*^isi#tcSKnyx;n4 

P, in%7^-i? • ^^*^42fe^-y F*f*10lc)gfiK*n 

s-x-v Fort^I'ia5»^--1'>'^'a^ 26i: ^* nr( '' ^, ' , 

-^^-^ . ^**;U42tC«fc»3'l'V*ffiK25*>e>/<-^ 
^««44ft<«at*tlT*5 *3 , CO/<-^ttB44*>e>W 

C<0/<-^^«S44l4, / <- ->* • ^+^42^151 

44S.OV^-> 7 ilK46'\i: V * 8St*lS *V PMBKOt'' 
- y F^IO^f^fiK-rSOAW^T-feSo S2BO*»e<l 

r*«, cne><D^H->-bxt4^««t4^©«fc3*a'«f 

□ 12Rtf7^—>*mP48iS:Jgfi!cbTt/^. ^>^ffi^«62 

7^-->-iiSS48(D-95»^^bTV^S 0 »««64«, -Y 

^V^j£^)^(OXP20Rt>*WP24. -<>*««S*tt«16 

^„ ^>^AP«66«, -<y^iBiS260-»», AP^ 
^^;H8Rtf/^—>"5iK46©— SP^tB^L-TU^So * 
fc»JO»H«68«, W > ^a^26SD-46(0-95^«rfBfi!t 
LT^So b • f-**;U«70tt* ilK26«D±S 

» b • 71Rtf/<-^««44 

9 ^®W44£D-gP» ; S:»fiKbT^So tUO«74{4, /<- 
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&<> 3H«W<f— K«78tt, /X;HR76*<SBU /X;U 

v ^jf»fl&oa«*s»* FifiHt*iw±-r*. 

F / < # — > XSR x «y ^ V m^ffl 

5 41^0Xi«:«r^lfet)0?*4o BP'S, 
*«#0«'hfl»4nX, fttf300S/y-X • ^r>l/X 

<o j x;i/*n* < £t e>««<o * h / < # - x *y 

*H^I^4883219^ 1 -226369**IC*M5) 

atf5 3M»r*c:fc*<pr«-e«a 0 
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BglOO/*— fe> MC^MSftfc^UVh -^n^F**» 

%>K>, &<<D<<W • S>xy h • XU • F*«i 
itL^o. »*l80iffl*^i»ST?3l»IIIIWrt-e* 

#5S«H<0*<>* • ^x*y h'/'J^h FJB*c»R 
L/t«««MW^EE^^««34Rtf36(i. 

f £ -< V * JE^22Q± tc *i>***>*"C ^ ^>«HB 
x*y h • /X;l/*#T«^X;l/-7l/^y^H • ^ 

BE^S22«, BS^tBtc^oTV^o HP"^x /±^M22ti^- 

yh.A 7 hW^E^tt^ -Yv^-i/x-y 
h • yy>F • Frtorau^ffiXCiRIUiSS^ffiB 

50 -^mmc^v F*Bm?z>&^ ^y?E.t>mmz, s 
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IZm^^vt • fVX*36©tt»tt*»«tt* 0.010 
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■t^5/3>7U RO*^2 7if63tcgiET^/S*r 
ft / X;l/<D# flfcSElf fc* 3 -fe * > 3 V 104-e«Mt« ft 
Tt^o iiB26<0*7-b*v b ' * L **A' * >71 

a^»«>^>ftSo 
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T'fcfto JEfc* a»26Rt;«F^*7-fe-y b ' T^*^ ■ 
■fe^aVli* >fv*Ert£22fc*ft&fc#JS'r3> r X 
;l/OHlc|EH^ftTi/>fto Ertfifttfy'Xrt'fcttJS'rft 

**#mi;T*ftfc<RS*'fti:* *yiyHHOiT 

-r>^ . b • xu > b • wmzu 

i/>T«fi^Rt/3Ab*«^-rftCfc^W*fto SB l 
3f8HRtf3S15EI (a8Htt*«W©»4*BSff]4 
3l15BW:COJtfflMM<0— SP^T) T*te> *:7-fe 
*y h • ft^-t?^3V7Ui, »tt»#100»:tf104 
<DM*S»!bT^fto AftJBfcEHUfcK^fiOff^lH 
OBBPBAV 0. 135-T V^&6^ *7-fe-> b ■ 

0.116>f>^*ft. ^> IEH*#©Ji«*»1M* 
20 £>*:7-tr*y b • ^--v^M/ • -fe^a yoS^ti, 

V~ 3 / 2 

71 y X;i/<0Ric*ft— flffltfXBtf o. oi5-r v^-Tfc ft 

tf, fl!l«g<OlS«0.024>i'V^fefto ail. Cti6©tt 

0. 020—0. 036-Y>^OiSBT*HS*LT&if? frigid 
»6ftfco t7^7h -ft*;I/Oft*fift»Stt^ 0. 
JO 20>f^t»feftftV COK82*OBi:i*»aT» 

St>\ JBlH-»3H*#»-rSo /X;l/14«\ 
620ffiR tf W^E-T ft > * *K20ffiJCKSit a 

M^r^^fto cln^^oyX;^^ot^ 3 >L.^l^^^ 
62lc£Sf ft*T*32*rft*:. jtasi-rft^v^E**^ 

^M^r-r-rftT^fto aiBstf»3Ho^>* • 

*y b • XU yh -^*y Kt'tt^ yX;M4?bM?iJtciafi^ 
ftrv^fto eih«4itlittfcEW-r*o««H*^^^ * 
i*Lt>it«iw^Ewrftiai«av^ cne»^y 
^ XMctm-zntz'tyzis.iiwzite, 4W*cE«*ftT 

^fto Htc, EE/jS^«^i*tt0.110^V^TCft6 

Efimxntt&rw&v. i35>f>^iBBn?EW*ft 

TV^fto t«oT> Cft^-YV^EE^Mfc*. ^««^3S-& 
tffltti(«ff»0|lll«T?ifi»Lr»3'6hT^So 
/ X;l/OlStt, 35-85 y OBHtffiif^fe o fc 

COlSBlCi&'f Lt>Ke>ftftt>OT*«av^o 
y?t*ffi>fyfS/': 0300 K*y b*XU VbTft^ 
(±, XU>b^f*^^>^»^*£»^WS^ftft^T% 

y x/i/onstt^ W755 * p >a*icr ft c k^a* l 
jo \,\ cnt><D®m$. yx;i/«o5saa»**4. ^63- 
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IS^^ay^ gfl^O. 0025—0. 

tt % #j0.0335>TV*-"CfcSo COfHPBO*^ /XW 
«tf7j<¥{fi[fi^67-**>^x :/M/10<Dfc*£ttEl 

SHSgStte, -nRI/300-f yf-fcfttK *t/£-f *7k^ 
Htf, 10/300-f y^fcttS. cft60*¥»tfSiR*ffc 

s 



/4 



*^F(ft»il*{ft-l'^atet)300F-y FOtftfrC^'J^FI- 
SB7Elfc#ffilf*i:. yX;UKOHIH«:s> ff*j£IH<0 



= /~v* + ( n h )* 
C = 4 s = 4 V v x + ( n h 

s = ( / 2 ) 



C = 2 v^3 v' va- + ( n h )- 



micMtfcm&mtis'c, v = h =1/300^ yrttz 

[ ] 



n 




C(-f 




10 


.0335 


.1340 


.1160 


9 


.0302 


.1207 


.1046 


8 


.0269 


.1075 


.0931 


7 


.0236 


.0943 


.0816 


6 


.0203 


.0811 


.0702 



u 20R xfj y 5 a n24*><£ < K W« k tat* e ft t u > * 0 

^ F©**U:iBoTKKS*u ><V^EM7W«0i 
WO^fflfltc^ > *#*S£«e (« 1 H»tfi& 8 
Tb^fe*. cti6jEH»K:Wt6tifcAPatfaP»cJ:o 

&o\> 011* tf, EE*fiO^HP«*X4:r*i:. cftfc 
tC. X<D4ft(D 1 Ofi*tC*l"SO^»iiST*fcSo 

««K:rsJftK:Wli;WrtO/X;l/OHP»tt. ^4VX;U 



H*fc«*T/hSW>>TV* • S'x-y F • 7V>h • "N'V F 
20 ci: *<a*So *5WJ©-*>* • *>*x*yh • 

y»;yh - ^N«y FsbVhsj-efcs^feofcSftMa^JT* 

S^Ti:* |g7Elc096{®(DyX;b^:^CyyX;l/ • 

«*«3.b-<>^ «wi.3>r>*\ »artto t p7-fy 

M 1 HRtffl!3BHd\ a2BI<O^V*aP^lK«44*/ 
X;U 1 4^S8E-r ^^y^UiPft^k IP "6 > <— &m * 
■**;M2fc?Sl/T^So Htcii*D^nfccn^o 

flFft tf fcO/ <- SWPJHIM4><D#fc ffl u ^ ft 

J0 */£ttT»&3o (HS*f) AV^— ^aP48*BB 

tiasOICttifttlft^^. U9k:J:**H1WlFJB4727378* 
it s COcfca^^— ^aP<0»U^^«5t*BBSLTl/^ 
^ 0 HRfc, »>f >^ ■ S^x-y */jN*yX;l/» 

*yX;i/*ii3fl*4-scfc&<^>* • F • 

^0 F • >h • FOtt«E**ifc**SJ:da»»* 

»aa^tft«. «*»-30<k>^ *a^o.oio 
&tfap**<-ri:, cft&*i««fti6o^yvh 

-O^E*fi22i:>f • yX;i/i4©lHo«66Jc»j«« 
n^o • ^x^y h • 7»J VF • "\-y FAM5»jO>r 
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nti^So 

**. IPS. SIB', JB3BU *8HRtfJB13HO102a 
Rtf102bO«jftK:H«*nfcVS XD*-* 

aottH*5i*f j£7^<DAn20*/h 
B ft**<WtSB> *S0.275-rv*\ «0.010W> 

f-, * ur»**v v^otttttiSiJTO. ooi~o. oi6-r 
-^^ottfii^ zktt-r 

tfttio~i5-trv^si<7'^H«-F«*o ccr-SS^ci: 
«, f • ->*x-y h-^yh-^'y K*JJM©»* 

xpffl£« ! B&tftBPffi£«e«u 4M<oe^io«s» 

co0*SE«©«a«*« 
m<o^mt. o.i2xo.o2wvf-ea&*. ap^+^R 

TfcAP*«W**£«**"* fc ' g«J© 4 ?J©ff 
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ICS US-TV* • fi» H • ^^'^ KK»*ft 

»««WRM#6n*©Tf. cn60EE*SttSW^C»» 
«K»lsnT^*. gWftlc#gfh!?nTV^i:v^ c 

£«we»«*nfcfli©5>xy h • yX;uo»ft*»6ffl 

v * aioiwww jw*m o p »wTTSi** n « c t #w 
w«n, a*tt 3 p&wrt nfc. 

*«W<0^ * V*x » h ' X'J > b • HOW V* 

^v<7(i, -Yv^XPi2 0160) s^wy^Wtl 

130 ai62Rtf64) CW?n5. £«S130*&©-r V 
AQ^*>H02a (J166) O 1 OOAPl32alC#t 
*ssnSo XP^-V^H02a^e.©^V^«, E^)^<0 
XP20a (®66Rt/64) *tf-LTff?^22a (S62) ^ 

-fV^tt, E*aE22afr6««BB8S100a 0B64, 66Rt;6 
8) , h .^***71a CB70) . S.t>'aK104a 

(«72Rtn4) €:^LT/X;H4a (®76) 
5o «a«7805MP136a«, / XMiz(OtSLm^t)^ 

ff*u:, ^y^iiK104alC3SLfc-Y>^<O^:SP^«, ^ 
_->- . V + *7l/42a*^LTy X;l/^6iiB138a (^74 

at/70 ^as6n*o cnp»©aES«0*<-^'fc^ tffi 

3 /<— ->*ffl^KW441cSfSt*n^o s^fli^tt 

^44*4^— >*fflttSP46 (^68-60) %^•bT^'^'^A , 

tb^^n^o 

O©0«B<OXP132b (B66) 'NiSKn, AP^+^-;H2 
ObJb^O-fVf E7^^AP20b (S66RD*64) 
LTJE^3*22b's«te«n*. ff^^22b*>e<D^f>^ 
tt, SefflSSIOOb CB64, 66IK/68) , *7-b-y b • * 
♦ *;U71b (®70) &tf»BS104b Of72Rt/74) 
T/X7H4b («76) -NSE»n5. <3««78lCiSlt£n 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the drop on-demand mold ink jet print head of the multi-nozzle which receives ink from 
an ink source of supply, answers each ink driving means combined with each nozzle, and injects an ink 
droplet toward a print medium. It is held mutually and has two or more plates which form the above- 
mentioned ink jet print head. The 1st plate of these two or more plates has at least two or more nozzles 
which became one train which an ink droplet passes for ink injection. The ink pressure room of two or 
more approximate circle forms is formed in the 2nd plate of two or more above-mentioned plates. The 
above-mentioned ink pressure room is arranged so that each geometrical hit alignment of this ink 
pressure room may come on one of the at least three trains not crossing. The geometrical hit alignment 
of the above-mentioned ink pressure room on the one above-mentioned train has shifted from the 
geometrical hit alignment of the above-mentioned ink pressure room on other trains which adjoined. 
Each of the above-mentioned ink pressure room has the ink outlet connected with the ink inlet port 
connected to the ink supply channel at the path. The above-mentioned ink inlet port and the above- 
mentioned ink outlet have separated into the both sides of the above-mentioned ink pressure room 
mutually. This ink to one of the nozzles to which ink was absorbed from the above-mentioned ink 
supply channel, and the 1st plate of the above related through the above-mentioned path Delivery, At 
least one path plate separates more the 1st plate of the above, and the 2nd plate of the above. Each of the 
above-mentioned nozzle is in abbreviation which connects, respectively by making it one piece to which 
the above-mentioned ink outlet relates, and the above-mentioned path plate has two or more paths of die 
length and a cross-section field. It has the above-mentioned ink driving means combined with each of 
the above-mentioned ink pressure room while the 3rd plate of two or more above-mentioned plates 
adjoined the 2nd plate of the above and having been arranged, the time of each of the above-mentioned 
nozzle having the similar resonance characteristic, and driving by the wave with the almost same above- 
mentioned ink driving means relevant to each of the above-mentioned nozzle — each of the above- 
mentioned nozzle - abbreviation - the ink jet print head characterized by having the same injection 
property. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the small ink jet print head which constituted the head, especially two or more 
ink jet nozzles driven separately respectively for printers in the shape of an array. 
[Description of the Prior Art] 

An ink jet system especially a drop mold on demand, or an impulse mold ink jet system is common 
knowledge from the former. The principle of impulse mold ink jet equipment is carrying out the 
variation rate of the ink room, and injecting an ink droplet from an ink room through a nozzle. A drive is 
used in order to carry out the variation rate of the ink room. The typical drive contains the converter like 
the piezoelectric device combined with the thin septum. If an electrical potential difference is impressed 
to this converter, although a converter tends to change plane magnitude, it will result in bending, since it 
has combined with the septum firmly. The ink of the ink interior of a room displaces by this converter 
bending, and while ink flows into an ink room from an ink feed hopper, ink is sent to a nozzle from an 
output. It is desirable to constitute a head generally, so that many nozzles can be arranged in the shape of 
[ of high density ] an array. However, preparing many ink rooms and connecting the nozzle of a large 
number corresponding to these ink rooms is not being able to do so simply. This is an especially big 
problem in the case of an array-like small ink jet print head. It relates to this and the conventional 
example of shoes is given. 

In U.S. Pat. No. 4266232, such as Juliana Junior, and U.S. Pat. No. 4312010 of DORINGU, the nozzle 
was made to collect two or more channels prolonged from two or more ink pressure rooms, respectively, 
and the nozzle array of the high density which narrowed spacing of a nozzle is realized into the narrower 
section, if a nozzle is mounted in high density into such a narrowed section - the thickness of a print 
head -- markedly - alike increase - a production process will become complicated. Furthermore, in 
the patent of DORINGU, the nozzle array which prepared the channel of the die length from which it 
differs for connecting the nozzle corresponding to an ink room, respectively is indicated. Since this kind 
of head prepares the channel of a large number from which die length differs, an ink injection property 
will change with nozzles, although it is also possible to control a piezoelectric transducer so that 
amendment to the channel from which the drive circuit attached at an expensive price is prepared, and 
die length differs may be carried out - **** -- even if it prepares such a drive circuit, it is difficult to 
make a uniform ink droplet inject from the nozzle which has various properties. 
In Fig. 20 of the U.S. Pat. No. 3747120 specification of a stem, the example of another ink jet print head 
is indicated. In this example of a design, the core was shifted and the circular ink pressure room of two 
trains, three trains, and two trains is arranged, respectively. Each ink pressure room is connected to the 
common ink room by the channel of different die length, respectively. The nozzle is connected to this 
common ink room, respectively. Thus, the fault at the time of preparing a common ink room between a 
nozzle group and a channel group is that an acoustical cross talk occurs between each nozzles. 
In U.S. Pat. No. 4599628, such as DORINGU, furthermore it has a nozzle array, the ink jet print head of 
another structure is indicated. Each nozzle is connected to the common ink feeder by the ink pressure 
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room of approximate circle drill type in this example. These ink pressure rooms are formed in the 
parallel pressure room group mutually [ two trains in which each has a circular cross section ], and the 
ink pressure room center of group of one train and the pressure room center of group of the train of 
another side are arranged in in a straight line, respectively. 

The ink jet print head of another configuration is indicated by U.S. Pat. No. 4680595, such as 
KURUTSU URIBE. Fig. 1 of this official report and Figs. 3,5, and 6 divide the ink pressure room 
group of an abbreviation rectangle into the parallel group of two trains, and show the equipment which 
carried out alignment of those cores. The ink jet nozzle is connected to the ink pressure room which 
corresponds respectively. The medial axis of each nozzle is prolonged at right angles to a field including 
an ink pressure room, and intersects the extension of an ink pressure room. Moreover, ink is supplied to 
these pressure rooms through the ink hole carefully formed so that a location might have consistency 
with a nozzle hole, respectively. When making it operate generally by the same driver voltage which is a 
predetermined ink droplet injection rate using the ink which has specific viscosity, surface area becomes 
large rather than the case where the direction of a rectangular piezoelectric transducer is a round shape 
or a hexagon mold. Furthermore, with the structure of this conventional ink jet array, when including an 
ink room in the ink jet of a certain magnitude, a limit of magnitude arises. 

U.S. Pat. No. 4460906 of the kana climax is indicating the ink jet print head which prepared the offset 
channel which connects a circular ink pressure room and a circular nozzle. With this print head, since 
ink is injected in the direction perpendicular to the field of an ink pressure room, ink ****** will arise 
on each nozzle outside front face which injects ink. Consequently, since ink other than the ink supplied 
from a corresponding ink pressure room is supplied to a nozzle, the same problem as the case of a patent 
of an above-mentioned stem arises. 

The contents of U.S. Pat. No. 4216477, such as Mazda Motor, and Koto's U.S. Pat. No. 4525728 are the 
typical examples of the ink jet equipment which makes ink inject perpendicularly and in parallel to the 
field of an ink pressure room. Generally, the conventional equipment which makes ink inject in parallel 
with the field of an ink pressure room has the fault that manufacture becomes complicated 
comparatively. In the example of Koto's patent, the rectangle converter group of a single tier was 
prepared in one side face of a substrate, and the converter group of other single tiers is prepared in the 
opposite side face of a substrate. Since the location has shifted to the converter group of an opposite side 
face, and opening of a nozzle, the converter group of one side face of this substrate and opening of the 
nozzle corresponding to it are disadvantageous for high density assembly. The converter of each 
rectangle is combined with the ink room connected to the nozzle hole through the path in the example of 
patents, such as Mazda Motor. In the case of the example indicated by this patent specification, the die 
length of the ink path connected to the nozzle hole differs according to the physical relationship of each 
converter and the nozzle corresponding to it. In Figs. 3 and 4 of U.S. Pat. No. 4584590, such as Fish 
Bee, the ink jet print head of another format which injects an ink droplet in the direction parallel to the 
field of a rectangular converter, and expands and contracts the volume of an ink room is indicated. 
Another example which injects an ink droplet parallel to the field of an ink pressure room is indicated by 
U.S. Pat. No. 4435721 of TSUZUKI, U.S. Pat. No. 4528575 of Mazda Motor, U.S. Pat. No. 4521788 of 
KAMURA, and U.S. Pat. No. 3427850 of YAMAMURO. 

Thus, although there are many conventional examples about an ink jet print head, as compared with 
these conventional examples, it is still smaller, manufacture is easy, and it is important to realize an ink 
jet print head with high effectiveness possible [ high-speed operation ]. 

Therefore, the purpose of this invention is offering the small ink jet print head which two or more 
nozzles 1 were made to approach and was constituted in the shape of an array. 

Another purpose of this invention is comparatively easy to manufacture, and is offering the ink jet print 
head which reduced the manufacturing cost. 

Other purposes of this invention are offering the ink jet print head which can operate efficiently and 
stably at a high speed comparatively. 

The purpose of fUrther others of this invention is offering the ink jet print head whose ink droplet 
injection property of each nozzle is abbreviation identitas. 
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[Means for Solving the Problem] 

The ink jet print head of this invention The nozzle plate in which two or more nozzles to have multilayer 
board structure and for these multilayer boards inject an ink droplet were formed, The pressure room 
plate which two or more ink pressure rooms of an approximate circle form were made to approach 
mutually, and carried out array formation at at least 2 trains, The ink path plate in which the path which 
connects the above-mentioned nozzle and the output of the above-mentioned ink pressure room 
corresponding to it, respectively was formed, It was joined to the 2nd plate of the above, and has the 
curtain board which separates the ink pressure room and driving means of the above-mentioned 
plurality, and the center position of each ink pressure room in ******** is shifted and arranged in the 
direction of a train to the center position of each ink pressure room within one train of a pressure room 
plate. 
[Function] 

By arranging efficiently the array of two or more ink pressure plates which influence the magnitude of 
the whole equipment, the ink jet print head of this invention is small, and has realized equipment with 
comparatively easy manufacture. 
[Example] 

First, the technique which will be the requisite is explained before explanation of the example of this 
invention. The opportunity of this invention is a request to the small drop on-demand ink jet print head 
which constituted two or more ink jet nozzles which each drives with the drive like a piezoelectric 
transducer in the shape of an array. I will consider the ink jet print head used for the printing equipment 
of a typewriter mold with which a print head prints on both directions by carrying out repetitive 
migration, and a print medium is perpendicularly sent out in a curved-surface top after that. In this case, 
a print head to which the die length of the perpendicular direction of a nozzle array is formed as small as 
possible, and dispersion in the distance from various nozzles to a print medium makes it as small as 
possible is desirable. This min vertical distance is equal to the inverse number of print linear density, 
and a number of a jet nozzle of products which print a specific color. For example, when printing by the 
consistency of 300 lines per inch by 48 nozzles which print black, the minimum vertical distance of the 
nozzle train becomes 47/300 inch. 

Furthermore, it is desirable to also make the horizontal die length of a print head into min. Theoretically, 
as for the train of the perpendicular direction of 48 nozzles, in the case of black, level, and the head part 
printed perpendicularly, the die length to the core of the last nozzle becomes 47/300 inch from the core 
of the first nozzle about 300 lines per inch using 48 nozzles. It can print from the right end of paper 
(print medium) to a left end, without each nozzle carrying out excessive scan actuation in this 
configuration. If a nozzle is shifted horizontally and constituted, in order to print on all the fields on a 
print medium, only the shifted die length needs to take the margin of scan actuation, and it is necessary 
to scan it too much horizontally at least. By such excessive scan actuation, print time amount also turns 
long up and the width of face of the whole printer equipment will also become large. Therefore, in order 
to make width of face of equipment small, it is desirable to make horizontal spacing of a nozzle into 
min. Since the dimension of the longitudinal direction of a pressure transducer (a piezoelectric 
transducer and the septum at which it turns to the ink pressure interior of a room should put together) 
must be time [ what ] larger than the value of the inverse number of print linear density, it is necessary to 
shift a nozzle group somewhat horizontally, and it needs to arrange it. This die length to shift is decided 
by the dimension of a converter, and arrangement of a nozzle. Therefore, it is good to make this die 
length to shift into min. 

The one approach of making horizontal spacing of a nozzle min is putting in no components in an ink 
pressure room or the boundary of the array of a pressure transducer. When it is in these pressure room or 
the same field as a converter, all other components are arranged on the outside of the array, or are 
arranged on the array (it is the upper location more nearly further than a nozzle group), or to the bottom 
(location near a nozzle group). For example, all the electrical installation to a converter can be prepared 
in the field of a pressure-transducer top, and all of another side, an inlet-port path, offset, a channel path, 
an output path, and a nozzle group can be prepared in an ink pressure room or the field of the pressure- 
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transducer bottom. If two kinds of elements in these are prepared in the same field, since it will become 
obstructive mutually, it arranges in a mutually different field. Consequently, a horizontal gap of a nozzle 
group is decided only by saying whether which makes two or more pressure transducers or ink pressure 
rooms approach, and they can be arranged. For example, an inlet-port path can be arranged in the field 
different from an offset channel path, and an offset channel path can be arranged in a different field from 
an outlet path. Therefore, what is necessary is to increase the thickness of a print head and just to make it 
multilayer structure, in order to make the perpendicular and horizontal dimension of a nozzle array into 
min. 

The electronic drive circuit of IC configuration is cheaper than the case where a circuit is generally 
constructed from each components. It will become cheaper if the trigger of all the drive circuits in this 
IC can be carried out to the same moment. Therefore, when the nozzle group of a print head cannot be 
arranged perpendicularly at a single tier, the horizontal gap with one nozzle and the next nozzle will 
serve as an integral multiple of the inverse number of horizontal print linear density, if a cheap drive 
circuit is used. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the small ink jet print head which constituted the head, especially two or more 
ink jet nozzles driven separately respectively for printers in the shape of an array. 
[Description of the Prior Art] 

An ink jet system especially a drop mold on demand, or an impulse mold ink jet system is common 
knowledge from the former. The principle of impulse mold ink jet equipment is carrying out the 
variation rate of the ink room, and injecting an ink droplet from an ink room through a nozzle. A drive is 
used in order to carry out the variation rate of the ink room. The typical drive contains the converter like 
the piezoelectric device combined with the thin septum. If an electrical potential difference is impressed 
to this converter, although a converter tends to change plane magnitude, it will result in bending, since it 
has combined with the septum firmly. The ink of the ink interior of a room displaces by this converter 
bending, and while ink flows into an ink room from an ink feed hopper, ink is sent to a nozzle from an 
output. It is desirable to constitute a head generally, so that many nozzles can be arranged in the shape of 
[ of high density ] an array. However, preparing many ink rooms and connecting the nozzle of a large 
number corresponding to these ink rooms is not being able to do so simply. This is an especially big 
problem in the case of an array-like small ink jet print head. It relates to this and the conventional 
example of shoes is given. 

In U.S. Pat. No. 4266232, such as Juliana Junior, and U.S. Pat. No. 4312010 of DORINGU, the nozzle 
was made to collect two or more channels prolonged from two or more ink pressure rooms, respectively, 
and the nozzle array of the high density which narrowed spacing of a nozzle is realized into the narrower 
section, if a nozzle is mounted in high density into such a narrowed section — the thickness of a print 
head - markedly - alike ~ increase a production process will become complicated. Furthermore, in 
the patent of DORINGU, the nozzle array which prepared the channel of the die length from which it 
differs for connecting the nozzle corresponding to an ink room, respectively is indicated. Since this kind 
of head prepares the channel of a large number from which die length differs, an ink injection property 
will change with nozzles, although it is also possible to control a piezoelectric transducer so that 
amendment to the channel from which the drive circuit attached at an expensive price is prepared, and 
die length differs may be carried out — **** — even if it prepares such a drive circuit, it is difficult to 
make a uniform ink droplet inject from the nozzle which has various properties. 
In Fig. 20 of the U.S. Pat. No. 3747120 specification of a stem, the example of another ink jet print head 
is indicated. In this example of a design, the core was shifted and the circular ink pressure room of two 
trains, three trains, and two trains is arranged, respectively. Each ink pressure room is connected to the 
common ink room by the channel of different die length, respectively. The nozzle is connected to this 
common ink room, respectively. Thus, the fault at the time of preparing a common ink room between a 
nozzle group and a channel group is that an acoustical cross talk occurs between each nozzles. 
In U.S. Pat. No. 4599628, such as DORINGU, furthermore it has a nozzle array, the ink jet print head of 
another structure is indicated. Each nozzle is connected to the common ink feeder by the ink pressure 
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room of approximate circle drill type in this example. These ink pressure rooms are formed in the 
parallel pressure room group mutually [ two trains in which each has a circular cross section ], and the 
ink pressure room center of group of one train and the pressure room center of group of the train of 
another side are arranged in in a straight line, respectively. 

The ink jet print head of another configuration is indicated by U.S. Pat. No. 4680595, such as 
KURUTSU URDBE. Fig. 1 of this official report and Figs. 3,5, and 6 divide the ink pressure room 
group of an abbreviation rectangle into the parallel group of two trains, and show the equipment which 
carried out alignment of those cores. The ink jet nozzle is connected to the ink pressure room which 
corresponds respectively. The medial axis of each nozzle is prolonged at right angles to a field including 
an ink pressure room, and intersects the extension of an ink pressure room. Moreover, ink is supplied to 
these pressure rooms through the ink hole carefully formed so that a location might have consistency 
with a nozzle hole, respectively. When making it operate generally by the same driver voltage which is a 
predetermined ink droplet injection rate using the ink which has specific viscosity, surface area becomes 
large rather than the case where the direction of a rectangular piezoelectric transducer is a round shape 
or a hexagon mold. Furthermore, with the structure of this conventional ink jet array, when including an 
ink room in the ink jet of a certain magnitude, a limit of magnitude arises. 

U.S. Pat. No. 4460906 of the kana climax is indicating the ink jet print head which prepared the offset 
channel which connects a circular ink pressure room and a circular nozzle. With this print head, since 
ink is injected in the direction perpendicular to the field of an ink pressure room, ink ****** will arise 
on each nozzle outside front face which injects ink. Consequently, since ink other than the ink supplied 
from a corresponding ink pressure room is supplied to a nozzle, the same problem as the case of a patent 
of an above-mentioned stem arises. 

The contents of U.S. Pat. No. 4216477, such as Mazda Motor, and Koto's U.S. Pat. No. 4525728 are the 
typical examples of the ink jet equipment which makes ink inject perpendicularly and in parallel to the 
field of an ink pressure room. Generally, the conventional equipment which makes ink inject in parallel 
with the field of an ink pressure room has the fault that manufacture becomes complicated 
comparatively. In the example of Koto's patent, the rectangle converter group of a single tier was 
prepared in one side face of a substrate, and the converter group of other single tiers is prepared in the 
opposite side face of a substrate. Since the location has shifted to the converter group of an opposite side 
face, and opening of a nozzle, the converter group of one side face of this substrate and opening of the 
nozzle corresponding to it are disadvantageous for high density assembly. The converter of each 
rectangle is combined with the ink room connected to the nozzle hole through the path in the example of 
patents, such as Mazda Motor. In the case of the example indicated by this patent specification, the die 
length of the ink path connected to the nozzle hole differs according to the physical relationship of each 
converter and the nozzle corresponding to it. In Figs. 3 and 4 of U.S. Pat. No. 4584590, such as Fish 
Bee, the ink jet print head of another format which injects an ink droplet in the direction parallel to the 
field of a rectangular converter, and expands and contracts the volume of an ink room is indicated. 
Another example which injects an ink droplet parallel to the field of an ink pressure room is indicated by 
U.S. Pat. No. 4435721 of TSUZUKI, U.S. Pat. No. 4528575 of Mazda Motor, U.S. Pat. No. 4521788 of 
KAMURA, and U.S. Pat. No. 3427850 of YAMAMURO. 

Thus, although there are many conventional examples about an ink jet print head, as compared with 
these conventional examples, it is still smaller, manufacture is easy, and it is important to realize an ink 
jet print head with high effectiveness possible [ high-speed operation ]. 

Therefore, the purpose of this invention is offering the small ink jet print head which two or more 
nozzles' were made to approach and was constituted in the shape of an array. 

Another purpose of this invention is comparatively easy to manufacture, and is offering the ink jet print 
head which reduced the manufacturing cost. 

Other purposes of this invention are offering the ink jet print head which can operate efficiently and 
stably at a high speed comparatively. 

The purpose of fiirther others of this invention is offering the ink jet print head whose ink droplet 
injection property of each nozzle is abbreviation identitas. 
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[Means for Solving the Problem] 

The ink jet print head of this invention The nozzle plate in which two or more nozzles to have multilayer 
board structure and for these multilayer boards inject an ink droplet were formed, The pressure room 
plate which two or more ink pressure rooms of an approximate circle form were made to approach 
mutually, and carried out array formation at at least 2 trains, The ink path plate in which the path which 
connects the above-mentioned nozzle and the output of the above-mentioned ink pressure room 
corresponding to it, respectively was formed, It was joined to the 2nd plate of the above, and has the 
curtain board which separates the ink pressure room and driving means of the above-mentioned 
plurality, and the center position of each ink pressure room in ******** is shifted and arranged in the 
direction of a train to the center position of each ink pressure room within one train of a pressure room 
plate. 
[Function] 

By arranging efficiently the array of two or more ink pressure plates which influence the magnitude of 
the whole equipment, the ink jet print head of this invention is small, and has realized equipment with 
comparatively easy manufacture. 
[Example] 

First, the technique which will be the requisite is explained before explanation of the example of this 
invention. The opportunity of this invention is a request to the small drop on-demand ink jet print head 
which constituted two or more ink jet nozzles which each drives with the drive like a piezoelectric 
transducer in the shape of an array. I will consider the ink jet print head used for the printing equipment 
of a typewriter mold with which a print head prints on both directions by carrying out repetitive 
migration, and a print medium is perpendicularly sent out in a curved-surface top after that. In this case, 
a print head to which the die length of the perpendicular direction of a nozzle array is formed as small as 
possible, and dispersion in the distance from various nozzles to a print medium makes it as small as 
possible is desirable. This min vertical distance is equal to the inverse number of print linear density, 
and a number of a jet nozzle of products which print a specific color. For example, when printing by the 
consistency of 300 lines per inch by 48 nozzles which print black, the minimum vertical distance of the 
nozzle train becomes 47/300 inch. 

Furthermore, it is desirable to also make the horizontal die length of a print head into min. Theoretically, 
as for the train of the perpendicular direction of 48 nozzles, in the case of black, level, and the head part 
printed perpendicularly, the die length to the core of the last nozzle becomes 47/300 inch from the core 
of the first nozzle about 300 lines per inch using 48 nozzles. It can print from the right end of paper 
(print medium) to a left end, without each nozzle carrying out excessive scan actuation in this 
configuration. If a nozzle is shifted horizontally and constituted, in order to print on all the fields on a 
print medium, only the shifted die length needs to take the margin of scan actuation, and it is necessary 
to scan it too much horizontally at least. By such excessive scan actuation, print time amount also turns 
long up and the width of face of the whole printer equipment will also become large. Therefore, in order 
to make width of face of equipment small, it is desirable to make horizontal spacing of a nozzle into 
min. Since the dimension of the longitudinal direction of a pressure transducer (a piezoelectric 
transducer and the septum at which it turns to the ink pressure interior of a room should put together) 
must be time [ what ] larger than the value of the inverse number of print linear density, it is necessary to 
shift a nozzle group somewhat horizontally, and it needs to arrange it. This die length to shift is decided 
by the dimension of a converter, and arrangement of a nozzle. Therefore, it is good to make this die 
length to shift into min. 

The one approach of making horizontal spacing of a nozzle min is putting in no components in an ink 
pressure room or the boundary of the array of a pressure transducer. When it is in these pressure room or 
the same field as a converter, all other components are arranged on the outside of the array, or are 
arranged on the array (it is the upper location more nearly further than a nozzle group), or to the bottom 
(location near a nozzle group). For example, all the electrical installation to a converter can be prepared 
in the field of a pressure-transducer top, and all of another side, an inlet-port path, offset, a channel path, 
an output path, and a nozzle group can be prepared in an ink pressure room or the field of the pressure- 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/5/2006 



JP,07-067803,B [DETAILED DESCRIPTION] 



Page 4 of 14 



transducer bottom. If two kinds of elements in these are prepared in the same field, since it will become 
obstructive mutually, it arranges in a mutually different field. Consequently, a horizontal gap of a nozzle 
group is decided only by saying whether which makes two or more pressure transducers or ink pressure 
rooms approach, and they can be arranged. For example, an inlet-port path can be arranged in the field 
different from an offset channel path, and an offset channel path can be arranged in a different field from 
an outlet path. Therefore, what is necessary is to increase the thickness of a print head and just to make it 
multilayer structure, in order to make the perpendicular and horizontal dimension of a nozzle array into 
min. 

The electronic drive circuit of IC configuration is cheaper than the case where a circuit is generally 
constructed from each components. It will become cheaper if the trigger of all the drive circuits in this 
IC can be carried out to the same moment. Therefore, when the nozzle group of a print head cannot be 
arranged perpendicularly at a single tier, the horizontal gap with one nozzle and the next nozzle will 
serve as an integral multiple of the inverse number of horizontal print linear density, if a cheap drive 
circuit is used. Although this requirement is eased when two or more drive circuits are used, horizontal 
spacing of all the nozzle groups driven by one IC becomes the integral multiple of the inverse number of 
horizontal print linear density. 

Moreover, the actuation which makes driver voltage a low battery and injects an ink droplet at a high 
speed is possible, assembly is comparatively easy, and it is desirable to realize the small print head 
which can print multicolor ink. Generally, the print head having all of these descriptions is the most 
desirable. But each of each of these descriptions is desirable, and has contributed separately as a 
description of the ink jet print head of this invention. 

Fig. 2 is one example of the ink jet print head of this invention, and the ink inlet port 12 to which ink is 
supplied is formed in the head body 10. The ink style path from the output 14 which forms an ink 
droplet further, i.e., a nozzle, and the ink inlet port 12 to a nozzle 14 is formed in the head body 10. 
Generally, including the nozzle array 14 by which the print head of this invention was constituted from 
many nozzles, these nozzles approach mutually, are arranged and are printed on a print medium (not 
shown) by the ink droplet injected from each nozzle. 

The ink included in the ink inlet port 12 flows into the ink supply manifold 16. A typical ink jet print 
head has at least four manifolds which receive black, cyanogen, a Magenta, and yellow, respectively, 
and these are used for the print of black and subtractive primaries. However, the number of manifolds is 
printed by the design of a printer, for example, a black chisel, is printed in full color fewer colors, or can 
be changed according to a thing case. Ink passes through the ink supply channel 1 8 and the ink inlet port 
20 from the ink supply manifold 16, and it flows into the ink pressure room 22. Ink flows out of the ink 
pressure room 22 through an outlet 24, and is supplied to the nozzle 14 which an ink droplet injects 
through the ink path 26. The arrow 28 shows the flow of ink. 

As for the ink pressure room 22, one side face is formed by the flexible septum 34. The pressure 
transducer of this example is the piezo-electric ceramic disk 36 which fixed with the epoxy resin to the 
septum 34, and is stuck on the ink pressure room 22. As usual, although the piezo-electric ceramic disk 
36 is not illustrated, it has the metal membrane layer 38 electrically connected to the electronic drive 
circuit. Although the pressure transducer of other configurations may be used, the pressure transducer of 
Fig. 2 operates in bending mode. That is, if an electrical potential difference is impressed to a piezo- 
electric ceramic disk, a disk tends to change magnitude. However, since the disk has fixed firmly to the 
septum, it brings a straight result. A variation rate arises in the ink in the ink pressure room 22 by this 
bending, ink flows outward through a path 26, and a nozzle 14 is supplied. After injection of an ink 
droplet, regrouting of the ink to the ink pressure room 22 is performed, when a pressure transducer 36 
bends to the opposite side. 

In addition to the output-flow path of above-mentioned ink, the alternative ink outlet 42, i.e., a purge 
channel, is formed in the head body 10. This purge channel 42 is connected to the inside part of the head 
which adjoins a nozzle 14 with the ink path 26. The purge manifold 44 is connected by this purge 
channel 42 from the ink path 25, and it has connected with the purge output port 48 through the output 
path 46 from this purge manifold 44. This purge manifold 44 is usually connected to the ink path 
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corresponding to many nozzles by the purge channel 42 and the same channel. Although ink flows from 
the purge channel 42 to a manifold 44 and the purge path 46 as an arrow 50 shows during purge 
actuation (removal actuation of air bubbles etc.), for details, it mentions later. 
In order to make easy manufacture of the ink jet head of this invention, it is suitable to form the head 
body 10 with a multilayer board or multilayer sheets, such as stainless steel material. These multilayer 
sheets or multilayer boards are constituted from the example of Fig. 2 by the following various plates. 
The curtain board 60 forms the septum 34, the ink inlet port 12, and the purge outlet 48. The ink 
pressure plate 62 forms a part of ink pressure room 22, ink supply manifold, and a part of purge path 48. 
The division plate 64 forms a part of purge path 46 in a part of inlet port 20 of a part of ink path 26, one 
interface of the ink pressure room 22, and an ink pressure room and outlet 24, ink supply manifold 16, 
and a list. The ink inlet-port plate 66 forms a part of a part of ink path 26, inlet-port channel 18, and 
purge path 46. Moreover, another division plate 68 forms a part of ink paths 26 and 46. The offset 
channel plate 70 forms the principal part (offset channel part) 71 of a path 26, and a part of purge 
manifold 44. The division plate 72 forms a part of path 26 and purge manifold 44. The outlet plate 74 
forms a part of purge channel 42 and purge manifold 44. The nozzle plate 76 forms the array-like nozzle 
14. The alternative guard plate 78 protects a nozzle plate 76, and prevents possibility that a nozzle plate 
will receive a scratch and the damages on other. 

Rather than the illustrated example, various ink paths, manifolds, and ink pressure rooms may be formed 
using many or a small number of metal plates, and the ink jet print head of this invention may be 
realized. For example, many plates may be used instead of forming the ink pressure room 22 with one 
plate, as shown in Fig. 2 . Moreover, it is not necessary to form all the various devices in a composite 
plate. For example, when manufacturing by chemical etching processing, the photoresist patterns used as 
a template for metaled chemical etching may differ for every field of a metal plate. Therefore, as long as 
it gives a more concrete example, the pattern of an ink inlet-port path is given on one field of a metal 
sheet, and it may be made to give the pattern of a pressure room on the field of the another side. 
Therefore, it is possible by controlling etching carefully to include a separate ink inlet-port path and an 
ink pressure room in a common metal layer. 

In order to make assembly cost into the minimum, it designs so that all the metal layers of the ink jet 
print head except a nozzle plate 76 can be manufactured using comparatively cheap phot conventional 
pattern processes and conventional etching process. A machining process or other metalworking 
processes are not required. A nozzle plate 76 is completed through the following various processes. That 
is, they are the minute electron discharge method of electroforming from sulfur-containing nickel **, 
and 300 series stainless steel material, perforation of 300 series stainless steel material, etc. The last two 
processings are used in relation to the phot pattern processing and etching processing of all devices 
except the nozzle of a nozzle plate. Another, suitable processing is forming the remaining device of this 
plate by opening the hole of a nozzle, and standard **** processing. The print head of this invention is 
designed so that the conditions of the alignment between metal layers may not become severe. That is, 
the usual tolerance maintainable by chemical etching processing is suitable. 

a certain suitable approach that a mechanical bolting machine with the suitable various multilevel-metal 
layers which form the ink jet print head of this invention is used - alignment - and it is combined. The 
suitable approach for association between metal layers is indicated by U.S. Pat. No. 4883219 (it 
corresponds to Japanese Patent Application No. No. 226369 [ one to ]), such as Anderson. According to 
the approach indicated by this specification, various metal layers are plated with a metal in 1/thickness 
of 8 - 1/4 micrometer. This metal to plate carries out diffusion association at a metal layer and fitness, 
and fits soldering, and even when reliable plating is possible for it and it does not use stainless steel 
material on the stainless steel material of a head, it can be plated good to the metal which forms that 
head. For example, gold can be joined together and soldered can plate upwards easily on stainless steel 
and very good. Various metal layers are accumulated in order on the alignment equipment of easy 2 pins 
after plating processing. This alignment equipment functions also as a diffusion coupler, the following 
processings are performed on these **** top wooden-clogs components. 

(a) Carry out diffusion association of the thermal strain of various metal layers in the temperature 
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requirement made into min, i.e., 400-500 degrees C. 

(b) Remove a metal layer article from a diffusion coupler. 

(c) Insert without cursing among a hydrogen ambient atmosphere and fixing in a furnace. 

(d) Solder. 

This joint process is performed in the state of sealing, and the bonding strength between components is 
strong, does not leave a height which plugs up a channel with a minute print head, does not make the 
device of each part of a print head distorted, and can realize a very high satisfaction level and the 
outstanding print head near 100% of abbreviation. It can be completed within [ in 3 hours ] from the 
beginning of a joint process to the last, being able to perform this production process using a standard 
gilding machine, a standard soldering furnace, and an easy diffusion coupler, and manufacturing many 
ink jet print heads. Furthermore, since the plated metal is very thin, and all diffuse almost in stainless 
steel, there is nothing of the metal layer plated on the occasion of a soldering process for which this 
metal gives an operation of chemical change, electrolysis, etc. to ink. Therefore, it is satisfactory even if 
it uses ink and the metal like copper which reacts easily at a joint process as a plated metal. 
Including two or more piezo-electric ceramic disks made to metalize, the these piezo-electricity ceramic 
disk doubled the core on the corresponding ink pressure room 22 in Fig. 1, respectively so that it might 
be shown, and the electromechanical pressure translators 34 and 36 chosen as the ink jet print heads of 
this invention have fixed to the metal curtain board 60 with the epoxy resin. Fig. 1 is a decomposition 
perspective view of the various metal layers 60-78 used for the assembly of the nozzle array mold print 
head which has 16 jet nozzles. If this type-conversion machine is made into an approximate circle form, 
electromechanical effectiveness will become high most, the volume of the field of a piezo-electric 
ceramic component predetermined in this electromechanical effectiveness - it relates to the variation 
rate. Therefore, effectiveness is higher than the thing of the rectangle mold in which the direction of this 
type-conversion machine operates in bending mode. 

In order to manufacture a very small ink jet print head easily, as shown in Fig. 1, the various ink 
pressure rooms 22 are abbreviation flatness. That is, since the cross section is far larger compared with 
the depth, high pressure generates the pressure room 22 with the variation rate of the volume of a 
pressure room. Furthermore, all the ink pressure rooms of the print head of this invention are arranged 
suitable for the location of the same flat surface in an ink jet print head, or the same depth. However, 
this is not indispensable requirements. The location of this pressure room is decided in the field of the 
metal plate 62 of one or more sheets, as shown in Figs. 2 and 1. 

In order to form a head in high density, the ink pressure room 22 arranges in parallel the field of at least 
2 trains which shifted the geometrical hit alignment of each other. Moreover, these pressure room is 
mutually separated by very few sheet-like ingredients. Generally, although this sheet-like ingredient 
remains between pressure rooms, this is for raising the dependability of association between metal layers 
so that the leakage of ink may not take place between metal layers. As shown in Figs. 1 - 7 ( Fig. 3 
shows the configuration covering the various layers of Fig. 1 superficially, Fig. 4th [ the ] and 5 shows 
the 2nd example of this invention, Fig. 6 shows the 3rd example of this invention, and Fig. 7 is drawing 
having shown each part repeatedly) The suitable example includes the train of at least four parallel ink 
pressure rooms 22, and the core of these trains is located in the location [ core / of the next train ] 
shifted. Especially, at the circular pressure room of Fig. 1, the location of the train of four parallel 
pressure rooms is shifted, and if the core of each pressure room is connected in a straight line, the array 
of a hexagon will be formed. What is necessary is just to arrange it in the shape of a forward hexagon to 
make it the smallest structure, although the core of a pressure room is located in the shape of [ of an 
inequality side hexagon ] an array. This array may increase the number of the pressure room which 
extends to which direction at arbitration and is established in an ink jet print head, and nozzles. In order 
to make it operate efficiently generally, it is desirable to have direction-magnitude, such as abbreviation, 
in the direction of the cross section of a pressure room. Therefore, it is thought that the pressure room of 
an approximate circle form is very efficient. However, the pressure room of other structures which the 
cross section made the hexagon, for example is also substantially isotropic about the cross section, and it 
is thought that it is efficient. Although the pressure room of other structures can also be adopted, 
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direction-things, such as abbreviation, are desirable about the cross section. 

Although the typical thickness of the piezo-electric ceramic disk 36 is 0.010 inches, it may be thinner 
than it or may be thick. Although it is the ideal which is made an approximate circle form according to a 
circular ink pressure room, if these disks form these disks in a hexagon, although it is small, required 
driver voltage will go up. Therefore, these disks can be cut off and made from a circular saw etc. from a 
big base material. Only 1/1000 inch only of numbers of the diameter of the inscribed circle of the piezo- 
electric ceramic disk 36 of these hexagons is usually smaller than the diameter of the corresponding 
pressure room 22, and the 1/thousands of inches diameter of the circumscribed circle of these disks is 
large. The typical thickness of the septum layer 60 is 0.004 inches. 

As Fig. 2 was explained, it connects with the nozzle to which each pressure room corresponds by the ink 
path 26. Generally, each of these paths 26 consist of the 1st section 100 where only the 1st distance was 
perpendicularly prolonged in the corresponding pressure room 22, the 2nd (offset channel) section 71 
where only the 2nd distance was prolonged in the 2nd direction parallel to the field of the pressure room 
22, and the 3rd section 104 which extended in the direction of the nozzle which is perpendicular to the 
2nd direction and corresponds. The location of the nozzle 14 of two or more trains is decided to make 
main spacing between nozzles narrower than main spacing between corresponding ink pressure rooms 
by the offset channel section 71 of a path 26. 

The offset channel section 71 is the principal part of a path 26. Furthermore, it is arranged between the 
path 26 and the nozzle corresponding to the ink pressure room 22 and them in especially an offset 
channel section. As for a pressure room and the path 26 corresponding to a nozzle, it is desirable for die 
length and the magnitude of a cross section to be equal, therefore, the thing which each jet devices of all 
will have the same resonance characteristic, and it will drive by the same wave if the inlet-port channel 
of a pressure room assumes that die length and the magnitude of a cross section are the same — the 
abbreviation from various nozzles ~ it becomes possible to print in the same ink droplet injection 
property. Furthermore, since the offset channel section 71 is usually formed in the single common metal 
plate, if it pulls in the thickness of an ink jet print head, it can make weight and cost the minimum. In 
Figs. 1 - 8, and 15 (Fig. 8 shows the 4th example of this invention, and Fig. 15 shows a part of this 
example), the offset channel section 71 has connected between circulation spaces 100 and 104. If 0.135 
inches of spacing of the center to center of the pressure room arranged to the hexagon become, the 
distance from the core of the end of an offset channel section to the core of the other end will be 0.1 16 
inches. That is, the die length of the geometric property of an equilateral triangle to an offset channel 
section is the pitch of an ink pressure room. *f 3/2 

It is equal to what carried out multiplication. Furthermore, although the width of face of the end which 
the offset channel 71 has next to a nozzle is 0.015 inches, the width of face of the other end is 0.024 
inches. Of course, these values can be changed. For example, the width of face of the other end of this 
channel was examined in 0.020-0.036 inches, and the good result was obtained. Although the typical 
thickness of an offset channel is 0.20 inches, this thickness may form the same layer of two sheets in 
piles. 

Again, Figs. 1 - 3 are referred to. a nozzle 14 - the field of the metal watch 62, and the corresponding 
field of the ink pressure room 22 - abbreviation - it has a perpendicular medial axis. Furthermore, if the 
medial axis of these nozzles is extended until it intersects the metal watch 62, it has crossed and shifted 
to the corresponding ink pressure room. With the ink jet print head of Figs. 1 and 3 , the nozzle 14 is 
arranged at one train. Arranging linearly does not need to arrange this not necessarily linearly 
[****♦***]. On the other hand, the ink pressure room 22 connected to these nozzles is arranged at four 
trains. Furthermore, the dimension beside a pressure room is arranged by 0. 1 10 inches, and the hexagon 
array of these pressure room 22 is arranged at intervals of 0.135 inches. Therefore, these ink pressure 
room approaches only at intervals of a critical mass required for association of a metal layer, and is 
prepared. Although the diameter of a nozzle had the good range of 35-85 microns, it is not necessarily 
restricted to this range. Since diffusion of the ink droplet of a print medium is restricted in order to print 
300 dots per unit inch by water color ink, as for the diameter of a nozzle, it is desirable to make it about 
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75 microns. In these examples, the suitable thickness of a nozzle plate is about 63-75 microns, i.e., 
0.0025-0.0030 inches. 

Furthermore, in the configuration top of Figs. 1 and 4, especially an offset channel, main spacing 
between the nozzles which can be set working is about 0.0335 inches. If the line of a nozzle is in the 
location which rotated only the include angle of arc tangents 1/10 from the horizontal position in the 
case of this spacing (refer to the 8th Fig.), the vertical distance between ****** nozzles will become 
1/300 inch exactly, and corresponding level spacing will become 10/300 inch. In the case of spacing of 
the level and the perpendicular direction of these, the print head is set up so that it may print on 
horizontal and vertical both directions by the consistency of 300 dots per unit inch. 
I will consider the ink jet print head which has the configuration of an above-mentioned ink pressure 
room and a nozzle. Moreover, the number of the level dots between h and a nozzle is assumed [ the 
inverse number of a perpendicular print consistency ] to be n for the inverse number of v and a level 
print consistency. In this case, if Fig. 7 is referred to and spacing of the train of C and a pressure room 
will be set [ spacing between nozzles ] to L for s and main spacing between pressure rooms, the 
followi ng relational expression w ill be materialized, 
s = V~VI + ( n h ) z 

C = 4 s = 4 V vx + ( n h )* 

s= {fT/2) C = 2 vTTV v* + ( n h )* 

Furthermore, as a concrete example, if it is v=h=l / 300 inches, as shown in the following tables, the 
value of s, C, and L will be chosen to the value of various n. 

[ m ] 



n 




c(-r 




10 


.0335 


.1340 


.1160 


9 


.0302 


.1207 


.1046 


8 


.0269 


.1075 


.0931 


7 


.0236 


.0943 


.0816 


6 


.0203 


.0811 


.0702 



Values other than this are calculable similarly. Moreover, the integral multiple of the inverse number of 
the level print consistency of level spacing between nozzles can apply the same count without limit. 
In Fig. 7 , the ink inlet port 20 and the ink outlet 24 of the pressure room 22 are completely established 
[ the pressure room ] for 4 ****** in the opposite side. Only one train of a nozzle 14 is arranged along 
the center of an ink jet print head, and an ink supply manifold (refer to Fig. 1 and the 8th Fig.) is in the 
outside of the boundary of an ink pressure room array. Since the flow of the ink of a pressure room is 
good in the case of restoration of ink, and purge actuation, a bubble and an impurity are easily removed 
from the inside of ink by the inlet port and outlet which were established in these antipodes. Since the 
configuration of the inlet port of this ink and an outlet makes both distance max, acoustical degree of 
separation's improves certainly. Furthermore, an ink outlet becomes near by the nozzle rather than an ink 
inlet port, and ink becomes easy to flow. 

Therefore, with the illustrated structure, the nozzle which corresponds at spacing made to approach 
further rather than spacing approached between pressure rooms may be arranged. For example, if main 
spacing of a pressure room is set to X, it is suitable for main spacing of the nozzle corresponding to this 
to make it the die length of the quadrant of X so that an above-mentioned example may show. As for 
spacing of the nozzle within the train same in order to make it a symmetrical configuration, it is 
desirable to consider as the inverse number of the number of the trains of the ink pressure room 
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corresponding to the nozzle train. It follows, for example, when the number of the trains of the ink 
pressure room corresponding to the nozzle of one train is 6, it is good to set main spacing of the nozzle 
of the train to 1/6 of main spacing of the train of an ink pressure room corresponding. Consequently, the 
very small ink jet print head which spacing of a nozzle was made to approach is realizable. When a more 
concrete example shows the point that the ink jet print head of this invention is small, the nozzle array 
containing 96 nozzles of Fig. 7 is about 0.07 inches in die length of about 3.8 inches, 1.3 inch of****, 
and thickness. 

Figs. 1 and 3 show the ink outlet channel 42 which connects the ink outlet manifold 44 of Fig. 2 to a 
nozzle 14, i.e., the channel for a purge. Usually, these channels and manifolds that were added further 
are only used only during the purge actuation period for the first Jet ink restoration actuation and cellular 
removal. Since a bulb (not shown) is used for closing the purge outlet 48, when not used, it does not 
flow for the purge style path 50. U.S. Pat. No. 4727378 by Li etc. is indicating the detailed structure of 
such a purge outlet. Generally, the path of ink is prepared out of the minute nozzle group 14 by the 
channel and manifold for a purge at each ink jet. Consequently, air bubbles and other impurities can be 
removed from an ink jet head, without passing a nozzle. These ink outlet channels and manifolds that 
were added did not produce at all effect which degrades the engine performance of the ink jet print head 
of this invention. Although the die length of a channel 42 is adjustable, for die length, 0.300 inches and 
width of face are [ 0.010 inches and the thickness of a suitable dimension ] 0.004 inches. If the channel 
for a purge and an outlet are lost, since the metal plate of the print head for constituting these is 
removable, the thickness of the print head of this invention can be reduced. 

The ink supply channel 18 is formed in the plate 66 between the ink pressure room 22 and an ink nozzle 
14 in Figs. 1 thru/or 3 . It is assumed that an ink jet print head is the structure of having the ink pressure 
room of four trains. In this case, in order to make it the ink feed hopper of two trains inside a pressure 
room not let between the pressure rooms of two trains of the outside of an ink jet pass, it will be 
necessary to increase spacing between pressure rooms, and an ink feed hopper will be connected with 
the pressure room of the plate located in the ink pressure room bottom. That is, the ink feed hopper is 
prolonged into the plate between a pressure room and a nozzle from the outside of an ink jet head. These 
ink feed hopper is prepared so that a location may be in agreement with a pressure room, respectively, 
and it is connected to the pressure room from the pressure room bottom. 

In order to make fluid impedance of the inlet-port channel of the pressure room of an inside train equal 
to the fluid impedance of the inlet-port channel of the pressure room of an outside train, these channels 
can be made from two different structures which has the same cross section and the same die length. 
That is, please care about the structure of 102a and 102b of Fig. 1 and Figs. 3 , 8, and 13. The 
characteristic impedance to a fluid is decided by the die length and those cross-sectional area of an inlet- 
port channel, and this is chosen so that the engine performance of a request of an ink jet head may be 
attained, and the need of making the inlet port 20 of a pressure room into the shape of a small hole or a 
nozzle is avoided. Die length of 0.275 inches, width of face of 0.010 inches, and the thickness of the 
dimension of a typical inlet-port channel are about 0.001-0.016 inches according to the viscosity of ink. 
In the case of water color ink, in the case of hot melt ink [ about one to 15 centipoise, and ], the viscosity 
of ink is about ten to 15 centipoise extent. An important thing is deciding the magnitude of an ink inlet 
port to be able to supply sufficient ink for making it operate with the full speed of a request of an ink jet 
print head, and to maintain the acoustical separation condition of an ink pressure room good here. 
As for the manifold for inlet ports, and the manifold for outlets, it is desirable to arrange on the outside 
of the boundary of the pressure room of four trains. Furthermore, making the volume of ink into the 
minimum, the dimension of the cross section of these manifolds is optimized so that compliance to the 
extent that sufficient ink for a nozzle can be supplied when all the ink jet nozzles are driven to 
coincidence, and the interaction between jet nozzles is made to the minimum may be maintained. The 
dimension of the typical cross section of this manifold is 0.12x0.02 inches. If an outlet channel and an 
outlet manifold are lost, the ink jet print head of this invention can be further miniaturized by arranging 
the manifold for inlet ports between a pressure room and a nozzle in the same layer as the offset channel 
71. This example is shown in Figs. 4 and 5 . the advantage of the structure of this latter - the inlet-port 
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channel 18 of both the train inside a pressure room, and an outside train — it is good by the same 
structure, i.e., the same cross section, and the same die length. If an outlet channel is lost, it will enable a 
layer 72 to support a thin nozzle layer further firmly. In the bottom of the train of the outside of a 
pressure room, if an inlet-port manifold is arranged completely, the array of the same hexagon as the 
pressure room of the first four trains can be extended, and the train of further many pressure rooms can 
be prepared. That is, it becomes possible to form the pressure room of further many numbers into a layer 
62. This example is shown in Fig. 6 at the detail. Furthermore, Figs. 9 - 18 are drawings showing the 
structure of the suitable various layers for the ink jet print head shown in Fig. 8. 
Although ink is supplied to two or more ink supply channels from each manifold, according to the 
design of this invention, between the ink pressure room connected to the common manifold is separated 
acoustically. That is, in above-mentioned structure, an ink supply manifold and an ink supply channel 
function as an acoustical RC circuit substantially, and attenuate a pressure pulse. It generates at an ink 
pressure room, and such a pressure pulse goes back from the pressure room to a common manifold 
through an inlet-port channel, can go into the inlet-port channel of the next door of a manifold, and has a 
possibility of having a bad influence to the next jet nozzle. In this invention, since the effectiveness of 
compliance is acquired by these manifolds and the acoustical separation effectiveness is further acquired 
by the inlet-port channel, these pressure rooms are separated acoustically mutually. Dissociating 
acoustically means not being influenced by actuation of other jet nozzles by which the ink injection 
property of one jet nozzle was connected to the same manifold at all. It was observed that the injection 
period of an ink droplet is attained in 10 or less microseconds, and this acoustical separation was usually 
attained with the period of less than 3 microseconds. In a cross talk of this level, a print result is not 
affected at all. 

In order to follow more the path of the ink style of the ink jet print head of this invention to accuracy, it 
explains with reference to Figs. 1 and 3 . 

Ink is supplied to the ink manifold 130 (layers 62 and 64) through the ink inlet port 12 (layer 60). The 
ink from a manifold 130 is supplied to one inlet-port 132a of inlet-port channel 102a (layer 66). The ink 
from inlet-port channel 102a is sent to pressure room 22a (layer 62) through inlet-port 20a (layers 66 
and 64) of a pressure room. According to an ink droplet injection pulse or purge actuation, ink flows to 
nozzle 14a (layer 76) through connecting path 100a (layers 64, 66, and 68) from pressure room 22a, 
offset channel 71a (layer 70), and path 104a (layers 72 and 74). Opening 136a of a guard plate 78 is 
prepared according to the location of nozzle 14a, and is larger than nozzle 14a. During purge actuation, 
the great portion of ink which reached ink path 104a is sent from a nozzle through purge channel 42a to 
path 138a (layers 74 and 72). These paths are expanded as illustrated, and they are connected to the 
manifold 44 for a purge. Ink is outputted through the outlet 46 (layers 68-60) for a purge from the 
manifold 44 for a purge. 

Similarly, ink flows from a manifold 130 to inlet-port 132b (layer 66) of one manifold of inlet-port 
channel 102b, and the ink from inlet-port channel 120b is supplied to pressure room 22b through 
pressure room entrance 20b (layers 66 and 64). The ink from pressure room 22b is sent to nozzle 14b 
(layer 76) through connecting path 100b (layers 64, 66, and 68), offset channel 71b (layer 70), and path 
104b (layers 72 and 74). The ink droplet from nozzle 14b is injected through opening 136b prepared in 
the guard plate 78. The great portion of ink which reached during purge actuation at path 104b is sent to 
the manifold 44 for a purge from path 138b (layers 74 and 72) through purge channel 42b. The ink from 
this manifold 44 flows out of a print head through the purge outlet 46 as mentioned above. 
In the ink jet print head of Fig. 1, the manifold 44 for an ink purge of a top and the bottom and 44 1 are in 
the ink supply manifold 130 and 130' list of the bottom and the bottom. He can understand the ink style 
path to the remaining nozzles easily from above-mentioned explanation. Although used for usually 
printing black ink, the ink jet print head of Fig. 1 is usable although the ink of two colors is printed, in 
that case, supplies one color ink to manifold 130' of Fig. 1 top, and should just supply the color ink of 
another side to the lower manifold 130. 

Similarly, I will follow the ink style path of Figs. 4 and 5 . The same reference mark is given to the 
element of these drawings corresponding to each element of Fig. 1 for convenience of explanation. In 
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Figs. 4 and 5 , ink flows to the manifold 130 of a layer 70 from the ink inlet port 12 (layers 60, 62, 64, 
66, and 68). Same inlet-port 12' is prolonged in upper ink manifold 130' from these layers. The ink from 
a manifold 130 is supplied to the end of ink inlet-port channel 102a through path 132a (layers 66 and 
68). The ink from channel 102a is supplied to the ink inlet port of the lower limit of pressure room 22a 
through path 20a (layers 66 and 64). The ink from the upper limit of pressure room 22a is supplied to the 
lower limit of a offset 71a of a layer 70 through path 100a (layers 64, 66, and 68). The ink from the 
upper limit of this offset channel is sent to nozzle 14a (layer 76) through path 104a (layer 72). Opening 
136a of a guard plate 78 is prepared according to the location so that output, i.e., nozzle, 14a may be 
surrounded. 

The ink style path to nozzle 14b which corresponds from the ink style path of going to ink pressure 
room 22b, and this ink pressure room 22b is the same as an above-mentioned ink style path. Therefore, 
the element of this ink style path gives suffix b to the same reference number as the element with which 
a **** corresponds, and the explanation beyond this is omitted. The print head of Fig. 4 is used for the 
print of the ink of a single color (for example, black) or two colors like 1st [ ** ] Fig. ink jet print head. 
Furthermore, in the example of Fig. 4, the manifold for a purge and the purge channel are removed as 
mentioned above. 

Fig. 6 is a decomposition perspective view of the ink jet print head which extends this invention and is 
obtained easily. Although this print head has further many manifolds for more color ink, contiguity 
spacing of the pressure room 22 and an ink jet nozzle is held. 

Ink is supplied to each of the manifold 130 prepared in the layer 70, 130', 130", and 130** through an 
inlet port 12, 12 , 12 M , and 12**, respectively. Although these four manifolds support black, cyanogen, a 
Magenta, and yellow, respectively, such sequence is good anyhow. It will not be necessary to explain 
further, since the detail of the ink style path about these various ink pressure rooms is the same with 
having explained Fig. 4. However, the ink style path of the element relevant to the pressure rooms 22a 
and 22b which attached the reference mark corresponding to the reference mark of Fig. 4 is illustrated 
for convenience. 

The ink jet print head of Fig. 8 is used for the both-way printing device similar to a typewriter. This 
device can carry out a full color print to horizontal and vertical both directions by the print consistency 
of 300 dots per inch. It was checked that the actuation which can trust this print head to the rate which 
prints about 1 1000 ink droplets in 1 second per nozzle is maintained. It has the train of 48 nozzles used 
for printing the ink jet print head black ink of Fig. 8. It also has the train of 48 nozzles used for this print 
head printing color ink further, and it separates into black ink with a train, and this train is prepared in 
the location horizontally shifted. 16 nozzles in 48 nozzles for these colors are the objects for cyanogen 
ink, and are other objects for 16 Magentas, and the 16 remaining pieces are the objects for yellow. 
The layout of the print head of Fig. 8 can be easily changed into the nozzle configuration of one train 
instead of two trains. Even if the operating characteristic of this ink jet print head makes this change, it 
is not influenced at all. 

Figs. 9 thru/or 18 are drawings of each part for the ink jet print head which has 96 nozzles of Fig. 8. The 
spacer plate 59 with which Fig. 9 equips with a converter, and Fig. 10 A curtain board 60 and Fig. 1 1 the 
ink pressure room plate 62 and Fig. 12 a division plate 64 and Fig. 13 - a division plate 72 and Fig. 17 
show a nozzle or the output dead plate 76, and, as for the division plate 68 and Fig. 15, Fig. 18 shows 
the guard plate 78 for the ink inlet-port plate 66 and Fig. 14, respectively, as for the offset channel plate 
70 and Fig. 16. This print head of Fig. 8 is designed so that it may have the ink receptacle manifold of a 
large number which receive various color ink. In the illustrated example, it has a five-set manifold and 
two manifold sections are included for every set. Since these manifold sets are separated mutually, this 
ink jet print head can receive five kinds of color ink. It can follow, for example, this ink jet print head 
can receive the black ink for the ink of the cyanogen Magenta for a full color print, and the subtractive 
color mixture of yellow in three primary colors, and the print of a text. The 5th color which mixed and 
made cyanogen, a Magenta, and yellow on the print medium as 5th color ink may be used. Moreover, 
since black ink is usually used in case it prints a text and a graphic form, you may make it supply black 
ink to two or more manifold sets. [ than color ink ] [ more ] This concrete application is explained 
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below. Furthermore, distance between the corresponding nozzles to which ink is supplied from each 
manifold section and manifold section can be made into min by establishing two or more manifold 
sections in each color ink. In case this meets horizontally for example, during a print and an ink jet print 
head goes, dynamic change of the ink pressure generated by accelerating and slowing down an ink 
droplet can be controlled to min. 

The various layers which constitute the example of Fig. 8 of this invention are explained with reference 
to Figs. 9 thru/or 18 about the path of the flowing ink. 

Fig. 9 shows the spacer plate 59 which has the opening 140 equipped with the piezo-electric ceramic 
converter 36 of Fig. 8. This spacer plate 59 is arbitration components, serves as an outside front face of a 
piezo-electric ceramic crystal, and coplane relation, and makes the backside of an ink jet print head a 
plane. Two or more ink feed hoppers for supplying ink to a print head are prepared so that this layer 59 
may be penetrated. These ink feed hoppers are shown by the reference mark of 12c (c shows the feed 
hopper of the color ink of cyanogen), 12y (y shows yellow), 12m (m shows a Magenta), 12bl (bl shows 
the 1st black ink), and 12b2 (b2 shows the 2nd black ink). For convenience, in the following 
explanation, c, y, m, bl, and b2 are used in order to show the components relevant to the path for which 
each ink of cyanogen, yellow, a Magenta, the 1st black, and the 2nd black flows, respectively. Please 
care about that there is no need of supplying the color ink of these versatility to an ink jet print head in 
the sequence indicated here. However, the ink jet PU head shown in Figs. 8 - 18 has 48 nozzle groups 
for the color print of the section on the left-hand side of a print head, and 48 nozzle groups for the black 
print of the right-hand side section of a print head so that it may mention later. 
In the septum 60 of Fig. 10, ink feed hopper 12c-12b2 have penetrated this layer 60, respectively. 
Feed hopper 12c of cyanogen is connected to the cyanogen ink supply channel 142 which leads to two 
cyanogen manifold section 130c and 130c' in Fig. 11. Manifold section 130c is prepared so that the 
central part of the outside bottom of the left-hand side array of the pressure room 22 may be adjoined. 
Manifold section 130c 1 adjoins the part at the upper left of the left-hand side array of a pressure room, 
and is arranged. Furthermore, the ink feed hopper 12b2 of this layer 62 leads to the channel 144 
connected to the black ink manifold section 130b2 and 130b2\ The manifold section 130b2 adjoins the 
lower right part of the right-hand side array of the pressure room 22, and is prepared, and manifold 
section 130b2 f adjoins the upper right part of the right-hand side array of the pressure room 22, and is 
prepared. 

Yellow ink feed hopper 12y leads to the channel 146 of a layer 62. In addition, connection of the Yellow 
ink to Yellow ink manifold section 130y and 130y' of Fig. 1 1 is made in another layer. Moreover, 12m 
of Magenta ink feed hoppers and the 1st black ink feed hopper 12bl have penetrated this layer 62. These 
ink feed hoppers are connected to the Magenta and the black ink manifold, i.e., the part shown in Fig. 1 1 
by 130m, 130m\ 130bl, and 130bl', in other layers of a print head, respectively. Not ten pieces but 
required ink supply number of connections requires [ whether it is small and ] only five pieces by 
preparing a communication channel as shown by the number of 142, 144, and 146 between the separated 
manifold sections. Furthermore, by preparing a manifold ranging over two or more layers, it can be 
made to be able to increase, the depth, i.e., the volume, of a manifold, and, thereby, acoustical 
compliance can be improved. 

As shown in Fig. 12, according to the location of the manifold of the layer 62 of Fig. 11, and a 
communication channel, the same manifold and communication channel of a layer 64 are arranged. 
Similarly, in the layer 66 of Fig. 13, since the part of an ink supply manifold has attained to even the 
layer 66, the acoustical compliance of a manifold is increased further. Moreover, the layer 66 also 
contains path 12y and 12y\ These paths lead to the edge of the communication channel 146 of the layers 
62 and 64 of Figs. 1 1 and 12. Moreover, the increment in the volume of these manifolds and the 
increment in acoustical compliance are restricted by this layer 66. 

In Fig. 14 and 15 Fig., it connects with the communication channel 148 and 12m of Magenta ink feed 
hoppers is connected to Magenta manifold section 130m and 130m 1 through this channel. Furthermore, 
Yellow ink feed hopper 12y is connected to manifold section 130y (Fig. 14) through the channel 150. 
Moreover, ink feed hopper 12y f is connected to Yellow ink manifold section 130y f (Fig. 15) through the 
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channel 154. Furthermore, it connects with layers 68 and 70 (14th [ the ] and 15 Figs.) through a path 
156, and the black ink feed hopper 12bl leads to the black ink manifold section 130M and 130b2 
through this path further. 

Therefore, ink is supplied to each ink manifold section by the above-mentioned approach. Moreover, the 
volume of each manifold section is increasing by preparing the part of a manifold section ranging over a 
multilayer field. 

The path supplied to the black as which ink was chosen from these manifold sections, cyanogen, a 
Magenta and the ink pressure room 22b 1 of yellow, 22b2, and 22c, 22m and 22y is explained further. 
Moreover, the path of the ink style from these ink pressure rooms to the nozzle corresponding to them is 
also explained. He can also understand easily the ink style path to other pressure rooms and nozzles. 
[ explanation / this ] 

In Figs. 13 and 14, the ink from cyanogen ink manifold section 130c f flows to ink feed hopper 132of ink 
supply channel 102c c. The ink from channel 102c is supplied to the upper part of ink pressure room 22c 
(layer 62 of Fig. 1 1) through feed hopper 20c (Fig. 12 and layers 64 and 66 of 13 Fig.) of an ink pressure 
room. Ink flows through pressure room 22c to path 100c (layers 64, 66, and 68 of 12th, 13, and 14 Fig.), 
and flows to offset channel 71c (layer 70 of Fig. 15) further. It flows to nozzle 14c (layer 76 of Fig. 17) 
to which ink corresponds through opening 104c (layer 72 of Fig. 16) from the lower limit section of 
offset channel 71c. This nozzle 14c is prepared in the covering protective layer 78 (Fig. 18) according to 
the location of opening 136c. 

Similarly, the ink from Yellow ink manifold section 130y (Fig. 14) flows to inlet-port 132of ink supply 
channel 102y y (Fig. 13). The ink from ink supply channel 102y is supplied to the upper part of ink 
pressure room 22y through path 20y (layers 66 and 64 of the 13th and 12 Fig.). The ink from the lower 
part of this ink pressure room flows through path lOOy (layers 64, 66, and 68 of 12th, 13, and 14 Fig.) in 
the lower limit section of the offset channel 71 (layer 70 of Fig. 15). The ink from the upper limit 
section of this offset channel flows to nozzle 14y (layer 76 of Fig. 17) through opening 104y (layer 72 of 
Fig. 16). Opening 136y of a protective layer 78 has lapped with nozzle opening 14y. Similarly, the 
suffixes m, bl, and b2 which correspond, respectively are given to the reference number of the element 
relevant to the path of ink of frequenting ink pressure room 22m, 22b 1, and 22b2. 
In Figs. 8, 15, and 17, black ink is supplied to 48 offset channels of the right-hand side array of Fig. 15 
by arrangement of an above-mentioned manifold along with 48 nozzles contained in the right-hand side 
train of the nozzle of the plate 46 of Fig. 17. Furthermore, cyanogen ink is supplied to the first eight 
offset channels of the train of the offset channel array top on the left-hand side of Fig. 15, Magenta ink is 
supplied to the eight next offset channel, and Yellow ink is supplied to eight offset channels of the same 
train and also the 3rd group. Furthermore, Yellow ink is supplied to the first eight offset channels of the 
bottom train of a left-hand side offset channel array, cyanogen ink is supplied to the following eight 
offset channels, and Magenta ink is supplied to the following eight offset array. Thus, by constituting the 
train of the upper and lower sides of the offset channel of Fig. 15 from an interleave method, the color 
ink assigned to the nozzle of the print head of Fig. 17 which has this structure by the interleave method 
is supplied. That is, the ink of a different color is supplied to ****** each nozzle in the perpendicular 
direction of the nozzle group of the train on the left-hand side of Fig. 17. By this configuration, since the 
vertical separation of the nozzle of the ink of a certain color separates by at least 2 dots, color printing 
becomes easy. By adopting arrangement of such a manifold, and the ink supply approach, it is possible 
to change easily the array of the color supplied to a nozzle by the interleave method by request. 
Thus, the example of this invention of Fig. 8 is small, manufacture is easy, and the ink jet print head 
which has the function which was excellent in versatility is realized. 

Although the suitable example of this invention was explained above, it is clear to this contractor that 
various deformation and modification can be carried out if needed, without not limiting this invention 
only to the example explained here, and deviating from the summary of this invention. 
[Effect of the Invention] 

According to this invention, the ink pressure room has been arranged and the geometrical hit alignment 
of the ink pressure room on one train has shifted from the geometrical hit alignment of the ink pressure 
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room on other trains which adjoined so that each geometrical hit alignment of the circular ink pressure 
room to each of two or more nozzles arranged at one train may come on one of the at least three trains 
not crossing. Therefore, two or more nozzles arranged at one train can be made to approach. Moreover, 
from the case where it only arranges in the shape of a matrix tidily, the dimension of a direction 
perpendicular to the train of an ink pressure room can be made small, and very small ink jet print head 
equipment can be realized. Since the direction of the train of these ink pressure room can be adjusted to 
arbitration, the dimension of the directions of arbitration, such as a perpendicular, a horizontal, or the 
inclination direction, can be made small by request. Furthermore, the driving means which drives the ink 
of these ink pressure rooms can also be efficiently arranged corresponding to arrangement of an ink 
pressure room. Moreover, since the whole head is multilayer board structure, manufacture is easy. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/5/2006 



JP,07-067803,B [TECHNICAL FIELD] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] 

This invention relates to the small ink jet print head which constituted the head, especially two or more 
ink jet nozzles driven separately respectively for printers in the shape of an array. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] 

According to this invention, the ink pressure room has been arranged and the geometrical hit alignment 
of the ink pressure room on one train has shifted from the geometrical hit alignment of the ink pressure 
room on other trains which adjoined so that each geometrical hit alignment of the circular ink pressure 
room to each of two or more nozzles arranged at one train may come on one of the at least three trains 
not crossing. Therefore, two or more nozzles arranged at one train can be made to approach. Moreover, 
from the case where it only arranges in the shape of a matrix tidily, the dimension of a direction 
perpendicular to the train of an ink pressure room can be made small, and very small ink jet print head 
equipment can be realized. Since the direction of the train of these ink pressure room can be adjusted to 
arbitration, the dimension of the directions of arbitration, such as a perpendicular, a horizontal, or the 
inclination direction, can be made small by request. Furthermore, the driving means which drives the ink 
of these ink pressure rooms can also be efficiently arranged corresponding to arrangement of an ink 
pressure room. Moreover, since the whole head is multilayer board structure, manufacture is easy. 
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TECHNICAL PROBLEM 



[Description of the Prior Art] 

An ink jet system especially a drop mold on demand, or an impulse mold ink jet system is common 
knowledge from the former. The principle of impulse mold ink jet equipment is carrying out the 
variation rate of the ink room, and injecting an ink droplet from an ink room through a nozzle. A drive is 
used in order to carry out the variation rate of the ink room. The typical drive contains the converter like 
the piezoelectric device combined with the thin septum. If an electrical potential difference is impressed 
to this converter, although a converter tends to change plane magnitude, it will result in bending, since it 
has combined with the septum firmly. The ink of the ink interior of a room displaces by this converter 
bending, and while ink flows into an ink room from an ink feed hopper, ink is sent to a nozzle from an 
output. It is desirable to constitute a head generally, so that many nozzles can be arranged in the shape of 
[ of high density ] an array. However, preparing many ink rooms and connecting the nozzle of a large 
number corresponding to these ink rooms is not being able to do so simply. This is an especially big 
problem in the case of an array-like small ink jet print head. It relates to this and the conventional 
example of shoes is given. 

In U.S. Pat. No. 4266232, such as Juliana Junior, and U.S. Pat. No. 4312010 of DORINGU, the nozzle 
was made to collect two or more channels prolonged from two or more ink pressure rooms, respectively, 
and the nozzle array of the high density which narrowed spacing of a nozzle is realized into the narrower 
section, if a nozzle is mounted in high density into such a narrowed section the thickness of a print 
head -- markedly -- alike -- increase -- a production process will become complicated. Furthermore, in 
the patent of DORINGU, the nozzle array which prepared the channel of the die length from which it 
differs for connecting the nozzle corresponding to an ink room, respectively is indicated. Since this kind 
of head prepares the channel of a large number from which die length differs, an ink injection property 
will change with nozzles, although it is also possible to control a piezoelectric transducer so that 
amendment to the channel from which the drive circuit attached at an expensive price is prepared, and 
die length differs may be carried out - **** -- even if it prepares such a drive circuit, it is difficult to 
make a uniform ink droplet inject from the nozzle which has various properties. 

In Fig. 20 of the U.S. Pat. No. 3747120 specification of a stem, the example of another ink jet print head 
is indicated. In this example of a design, the core was shifted and the circular ink pressure room of two 
trains, three trains, and two trains is arranged, respectively. Each ink pressure room is connected to the 
common ink room by the channel of different die length, respectively. The nozzle is connected to this 
common ink room, respectively. Thus, the fault at the time of preparing a common ink room between a 
nozzle group and a channel group is that an acoustical cross talk occurs between each nozzles. 
In U.S. Pat. No. 4599628, such as DORINGU, furthermore it has a nozzle array, the ink jet print head of 
another structure is indicated. Each nozzle is connected to the common ink feeder by the ink pressure 
room of approximate circle drill type in this example. These ink pressure rooms are formed in the 
parallel pressure room group mutually [ two trains in which each has a circular cross section ], and the 
ink pressure room center of group of one train and the pressure room center of group of the train of 
another side are arranged in in a straight line, respectively. 



http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/5/2006 



JP,07-067803,B [TECHNICAL PROBLEM] 



Page 2 of 2 



The ink jet print head of another configuration is indicated by U.S. Pat. No. 4680595, such as 
KURUTSU URIBE. Fig. 1 of this official report and Figs. 3 , 5 , and 6 divide the ink pressure room 
group of an abbreviation rectangle into the parallel group of two trains, and show the equipment which 
carried out alignment of those cores. The ink jet nozzle is connected to the ink pressure room which 
corresponds respectively. The medial axis of each nozzle is prolonged at right angles to a field including 
an ink pressure room, and intersects the extension of an ink pressure room. Moreover, ink is supplied to 
these pressure rooms through the ink hole carefully formed so that a location might have consistency 
with a nozzle hole, respectively. When making it operate generally by the same driver voltage which is a 
predetermined ink droplet injection rate using the ink which has specific viscosity, surface area becomes 
large rather than the case where the direction of a rectangular piezoelectric transducer is a round shape 
or a hexagon mold. Furthermore, with the structure of this conventional ink jet array, when including an 
ink room in the ink jet of a certain magnitude, a limit of magnitude arises. 

U.S. Pat. No. 4460906 of the kana climax is indicating the ink jet print head which prepared the offset 
channel which connects a circular ink pressure room and a circular nozzle. With this print head, since 
ink is injected in the direction perpendicular to the field of an ink pressure room, ink ****** will arise 
on each nozzle outside front face which injects ink. Consequently, since ink other than the ink supplied 
from a corresponding ink pressure room is supplied to a nozzle, the same problem as the case of a patent 
of an above-mentioned stem arises. 

The contents of U.S. Pat. No. 4216477, such as Mazda Motor, and Koto's U.S. Pat. No. 4525728 are the 
typical examples of the ink jet equipment which makes ink inject perpendicularly and in parallel to the 
field of an ink pressure room. Generally, the conventional equipment which makes ink inject in parallel 
with the field of an ink pressure room has the fault that manufacture becomes complicated 
comparatively. In the example of Koto's patent, the rectangle converter group of a single tier was 
prepared in one side face of a substrate, and the converter group of other single tiers is prepared in the 
opposite side face of a substrate. Since the location has shifted to the converter group of an opposite side 
face, and opening of a nozzle, the converter group of one side face of this substrate and opening of the 
nozzle corresponding to it are disadvantageous for high density assembly. The converter of each 
rectangle is combined with the ink room connected to the nozzle hole through the path in the example of 
patents, such as Mazda Motor. In the case of the example indicated by this patent specification, the die 
length of the ink path connected to the nozzle hole differs according to the physical relationship of each 
converter and the nozzle corresponding to it. In Figs. 3 and 4 of U.S. Pat. No. 4584590, such as Fish 
Bee, the ink jet print head of another format which injects an ink droplet in the direction parallel to the 
field of a rectangular converter, and expands and contracts the volume of an ink room is indicated. 
Another example which injects an ink droplet parallel to the field of an ink pressure room is indicated by 
U.S. Pat. No. 4435721 of TSUZUKI, U.S. Pat. No. 4528575 of Mazda Motor, U.S. Pat. No. 4521788 of 
KAMURA, and U.S. Pat. No. 3427850 of YAMAMURO. 

Thus, although there are many conventional examples about an ink jet print head, as compared with 
these conventional examples, it is still smaller, manufacture is easy, and it is important to realize an ink 
jet print head with high effectiveness possible [ high-speed operation ]. 

Therefore, the purpose of this invention is offering the small ink jet print head which two or more 
nozzles 1 were made to approach and was constituted in the shape of an array. 

Another purpose of this invention is comparatively easy to manufacture, and is offering the ink jet print 
head which reduced the manufacturing cost. 

Other purposes of this invention are offering the ink jet print head which can operate efficiently and 
stably at a high speed comparatively. 

The purpose of further others of this invention is offering the ink jet print head whose ink droplet 
injection property of each nozzle is abbreviation identitas. 
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MEANS 



[Means for Solving the Problem] 

The ink jet print head of this invention The nozzle plate in which two or more nozzles to have multilayer 
board structure and for these multilayer boards inject an ink droplet were formed, The pressure room 
plate which two or more ink pressure rooms of an approximate circle form were made to approach 
mutually, and carried out array formation at at least 2 trains, The ink path plate in which the path which 
connects the above-mentioned nozzle and the output of the above-mentioned ink pressure room 
corresponding to it, respectively was formed, It was joined to the 2nd plate of the above, and has the 
curtain board which separates the ink pressure room and driving means of the above-mentioned 
plurality, and the center position of each ink pressure room in ******** i s shifted and arranged in the 
direction of a train to the center position of each ink pressure room within one train of a pressure room 
plate. 
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OPERATION 



[Function] 

By arranging efficiently the array of two or more ink pressure plates which influence the magnitude of 
the whole equipment, the ink jet print head of this invention is small, and has realized equipment with 
comparatively easy manufacture. 
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EXAMPLE 



[Example] 

First, the technique which will be the requisite is explained before explanation of the example of this 
invention. The opportunity of this invention is a request to the small drop on-demand ink jet print head 
which constituted two or more ink jet nozzles which each drives with the drive like a piezoelectric 
transducer in the shape of an array. I will consider the ink jet print head used for the printing equipment 
of a typewriter mold with which a print head prints on both directions by carrying out repetitive 
migration, and a print medium is perpendicularly sent out in a curved-surface top after that. In this case, 
a print head to which the die length of the perpendicular direction of a nozzle array is formed as small as 
possible, and dispersion in the distance from various nozzles to a print medium makes it as small as 
possible is desirable. This min vertical distance is equal to the inverse number of print linear density, 
and a number of a jet nozzle of products which print a specific color. For example, when printing by the 
consistency of 300 lines per inch by 48 nozzles which print black, the minimum vertical distance of the 
nozzle train becomes 47/300 inch. 

Furthermore, it is desirable to also make the horizontal die length of a print head into min. Theoretically, 
as for the train of the perpendicular direction of 48 nozzles, in the case of black, level, and the head part 
printed perpendicularly, the die length to the core of the last nozzle becomes 47/300 inch from the core 
of the first nozzle about 300 lines per inch using 48 nozzles. It can print from the right end of paper 
(print medium) to a left end, without each nozzle carrying out excessive scan actuation in this 
configuration. If a nozzle is shifted horizontally and constituted, in order to print on all the fields on a 
print medium, only the shifted die length needs to take the margin of scan actuation, and it is necessary 
to scan it too much horizontally at least. By such excessive scan actuation, print time amount also turns 
long up and the width of face of the whole printer equipment will also become large. Therefore, in order 
to make width of face of equipment small, it is desirable to make horizontal spacing of a nozzle into 
min. Since the dimension of the longitudinal direction of a pressure transducer (a piezoelectric 
transducer and the septum at which it turns to the ink pressure interior of a room should put together) 
must be time [ what ] larger than the value of the inverse number of print linear density, it is necessary to 
shift a nozzle group somewhat horizontally, and it needs to arrange it. This die length to shift is decided 
by the dimension of a converter, and arrangement of a nozzle. Therefore, it is good to make this die 
length to shift into min. 

The one approach of making horizontal spacing of a nozzle min is putting in no components in an ink 
pressure room or the boundary of the array of a pressure transducer. When it is in these pressure room or 
the same field as a converter, all other components are arranged on the outside of the array, or are 
arranged on the array (it is the upper location more nearly further than a nozzle group), or to the bottom 
(location near a nozzle group). For example, all the electrical installation to a converter can be prepared 
in the field of a pressure-transducer top, and all of another side, an inlet-port path, offset, a channel path, 
an output path, and a nozzle group can be prepared in an ink pressure room or the field of the pressure- 
transducer bottom. If two kinds of elements in these are prepared in the same field, since it will become 
obstructive mutually, it arranges in a mutually different field. Consequently, a horizontal gap of a nozzle 
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group is decided only by saying whether which makes two or more pressure transducers or ink pressure 
rooms approach, and they can be arranged. For example, an inlet-port path can be arranged in the field 
different from an offset channel path, and an offset channel path can be arranged in a different field from 
an outlet path. Therefore, what is necessary is to increase the thickness of a print head and just to make it 
multilayer structure, in order to make the perpendicular and horizontal dimension of a nozzle array into 
min. 

The electronic drive circuit of IC configuration is cheaper than the case where a circuit is generally 
constructed from each components. It will become cheaper if the trigger of all the drive circuits in this 
IC can be carried out to the same moment. Therefore, when the nozzle group of a print head cannot be 
arranged perpendicularly at a single tier, the horizontal gap with one nozzle and the next nozzle will 
serve as an integral multiple of the inverse number of horizontal print linear density, if a cheap drive 
circuit is used. Although this requirement is eased when two or more drive circuits are used, horizontal 
spacing of all the nozzle groups driven by one IC becomes the integral multiple of the inverse number of 
horizontal print linear density. 

Moreover, the actuation which makes driver voltage a low battery and injects an ink droplet at a high 
speed is possible, assembly is comparatively easy, and it is desirable to realize the small print head 
which can print multicolor ink. Generally, the print head having all of these descriptions is the most 
desirable. But each of each of these descriptions is desirable, and has contributed separately as a 
description of the ink jet print head of this invention. 

Fig. 2 is one example of the ink jet print head of this invention, and the ink inlet port 12 to which ink is 
supplied is formed in the head body 10. The ink style path from the output 14 which forms an ink 
droplet further, i.e., a nozzle, and the ink inlet port 12 to a nozzle 14 is formed in the head body 10. 
Generally, including the nozzle array 14 by which the print head of this invention was constituted from 
many nozzles, these nozzles approach mutually, are arranged and are printed on a print medium (not 
shown) by the ink droplet injected from each nozzle. 

The ink included in the ink inlet port 12 flows into the ink supply manifold 16. A typical ink jet print 
head has at least four manifolds which receive black, cyanogen, a Magenta, and yellow, respectively, 
and these are used for the print of black and subtractive primaries. However, the number of manifolds is 
printed by the design of a printer, for example, a black chisel, is printed in full color fewer colors, or can 
be changed according to a thing case. Ink passes through the ink supply channel 1 8 and the ink inlet port 
20 from the ink supply manifold 16, and it flows into the ink pressure room 22. Ink flows out of the ink 
pressure room 22 through an outlet 24, and is supplied to the nozzle 14 which an ink droplet injects 
through the ink path 26. The arrow 28 shows the flow of ink. 

As for the ink pressure room 22, one side face is formed by the flexible septum 34. The pressure 
transducer of this example is the piezo-electric ceramic disk 36 which fixed with the epoxy resin to the 
septum 34, and is stuck on the ink pressure room 22. As usual, although the piezo-electric ceramic disk 
36 is not illustrated, it has the metal membrane layer 38 electrically connected to the electronic drive 
circuit. Although the pressure transducer of other configurations may be used, the pressure transducer of 
Fig. 2 operates in bending mode. That is, if an electrical potential difference is impressed to a piezo- 
electric ceramic disk, a disk tends to change magnitude. However, since the disk has fixed firmly to the 
septum, it brings a straight result. A variation rate arises in the ink in the ink pressure room 22 by this 
bending, ink flows outward through a path 26, and a nozzle 14 is supplied. After injection of an ink 
droplet, regrouting of the ink to the ink pressure room 22 is performed, when a pressure transducer 36 
bends to the opposite side. 

In addition to the output- flow path of above-mentioned ink, the alternative ink outlet 42, i.e., a purge 
channel, is formed in the head body 10. This purge channel 42 is connected to the inside part of the head 
which adjoins a nozzle 14 with the ink path 26. The purge manifold 44 is connected by this purge 
channel 42 from the ink path 25, and it has connected with the purge output port 48 through the output 
path 46 from this purge manifold 44. This purge manifold 44 is usually connected to the ink path 
corresponding to many nozzles by the purge channel 42 and the same channel. Although ink flows from 
the purge channel 42 to a manifold 44 and the purge path 46 as an arrow 50 shows during purge 
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actuation (removal actuation of air bubbles etc.), for details, it mentions later. 
In order to make easy manufacture of the ink jet head of this invention, it is suitable to form the head 
body 10 with a multilayer board or multilayer sheets, such as stainless steel material. These multilayer 
sheets or multilayer boards are constituted from the example of Fig. 2 by the following various plates. 
The curtain board 60 forms the septum 34, the ink inlet port 12, and the purge outlet 48. The ink 
pressure plate 62 forms a part of ink pressure room 22, ink supply manifold, and a part of purge path 48. 
The division plate 64 forms a part of purge path 46 in a part of inlet port 20 of a part of ink path 26, one 
interface of the ink pressure room 22, and an ink pressure room and outlet 24, ink supply manifold 16, 
and a list. The ink inlet-port plate 66 forms a part of a part of ink path 26, inlet-port channel 18, and 
purge path 46. Moreover, another division plate 68 forms a part of ink paths 26 and 46. The offset 
channel plate 70 forms the principal part (offset channel part) 71 of a path 26, and a part of purge 
manifold 44. The division plate 72 forms a part of path 26 and purge manifold 44. The outlet plate 74 
forms a part of purge channel 42 and purge manifold 44. The nozzle plate 76 forms the array-like nozzle 
14. The alternative guard plate 78 protects a nozzle plate 76, and prevents possibility that a nozzle plate 
will receive a scratch and the damages on other. 

Rather than the illustrated example, various ink paths, manifolds, and ink pressure rooms may be formed 
using many or a small number of metal plates, and the ink jet print head of this invention may be 
realized. For example, many plates may be used instead of forming the ink pressure room 22 with one 
plate, as shown in Fig. 2 . Moreover, it is not necessary to form all the various devices in a composite 
plate. For example, when manufacturing by chemical etching processing, the photoresist patterns used as 
a template for metaled chemical etching may differ for every field of a metal plate. Therefore, as long as 
it gives a more concrete example, the pattern of an ink inlet-port path is given on one field of a metal 
sheet, and it may be made to give the pattern of a pressure room on the field of the another side. 
Therefore, it is possible by controlling etching carefully to include a separate ink inlet-port path and an 
ink pressure room in a common metal layer. 

In order to make assembly cost into the minimum, it designs so that all the metal layers of the ink jet 
print head except a nozzle plate 76 can be manufactured using comparatively cheap phot conventional 
pattern processes and conventional etching process. A machining process or other metalworking 
processes are not required. A nozzle plate 76 is completed through the following various processes. That 
is, they are the minute electron discharge method of electroforming from sulfur-containing nickel **, 
and 300 series stainless steel material, perforation of 300 series stainless steel material, etc. The last two 
processings are used in relation to the phot pattern processing and etching processing of all devices 
except the nozzle of a nozzle plate. Another, suitable processing is forming the remaining device of this 
plate by opening the hole of a nozzle, and standard **** processing. The print head of this invention is 
designed so that the conditions of the alignment between metal layers may not become severe. That is, 
the usual tolerance maintainable by chemical etching processing is suitable. 

a certain suitable approach that a mechanical bolting machine with the suitable various multilevel-metal 
layers which form the ink jet print head of this invention is used - alignment - and it is combined. The 
suitable approach for association between metal layers is indicated by U.S. Pat. No. 4883219 (it 
corresponds to Japanese Patent Application No. No. 226369 [ one to ]), such as Anderson. According to 
the approach indicated by this specification, various metal layers are plated with a metal in 1 /thickness 
of 8 - 1/4 micrometer. This metal to plate carries out diffusion association at a metal layer and fitness, 
and fits soldering, and even when reliable plating is possible for it and it does not use stainless steel 
material on the stainless steel material of a head, it can be plated good to the metal which forms that 
head. For example, gold can be joined together and soldered can plate upwards easily on stainless steel 
and very good. Various metal layers are accumulated in order on the alignment equipment of easy 2 pins 
after plating processing. This alignment equipment functions also as a diffusion coupler, the following 
processings are performed on these **** top wooden-clogs components. 

(a) Carry out diffusion association of the thermal strain of various metal layers in the temperature 
requirement made into min, i.e., 400-500 degrees C. 

(b) Remove a metal layer article from a diffusion coupler. 
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(c) Insert without cursing among a hydrogen ambient atmosphere and fixing in a furnace. 

(d) Solder. 

This joint process is performed in the state of sealing, and the bonding strength between components is 
strong, does not leave a height which plugs up a channel with a minute print head, does not make the 
device of each part of a print head distorted, and can realize a very high satisfaction level and the 
outstanding print head near 100% of abbreviation. It can be completed within [ in 3 hours ] from the 
beginning of a joint process to the last, being able to perform this production process using a standard 
gilding machine, a standard soldering furnace, and an easy diffusion coupler, and manufacturing many 
ink jet print heads. Furthermore, since the plated metal is very thin, and all diffuse almost in stainless 
steel, there is nothing of the metal layer plated on the occasion of a soldering process for which this 
metal gives an operation of chemical change, electrolysis, etc. to ink. Therefore, it is satisfactory even if 
it uses ink and the metal like copper which reacts easily at a joint process as a plated metal. 
Including two or more piezo-electric ceramic disks made to metaHze, the these piezo-electricity ceramic 
disk doubled the core on the corresponding ink pressure room 22 in Fig. 1, respectively so that it might 
be shown, and the electromechanical pressure translators 34 and 36 chosen as the ink jet print heads of 
this invention have fixed to the metal curtain board 60 with the epoxy resin. Fig. 1 is a decomposition 
perspective view of the various metal layers 60-78 used for the assembly of the nozzle array mold print 
head which has 16 jet nozzles. If this type-conversion machine is made into an approximate circle form, 
electromechanical effectiveness will become high most, the volume of the field of a piezo-electric 
ceramic component predetermined in this electromechanical effectiveness - it relates to the variation 
rate. Therefore, effectiveness is higher than the thing of the rectangle mold in which the direction of this 
type-conversion machine operates in bending mode. 

In order to manufacture a very small ink jet print head easily, as shown in Fig. 1, the various ink 
pressure rooms 22 are abbreviation flatness. That is, since the cross section is far larger compared with 
the depth, high pressure generates the pressure room 22 with the variation rate of the volume of a 
pressure room. Furthermore, all the ink pressure rooms of the print head of this invention are arranged 
suitable for the location of the same flat surface in an ink jet print head, or the same depth. However, 
this is not indispensable requirements. The location of this pressure room is decided in the field of the 
metal plate 62 of one or more sheets, as shown in Figs. 2 and 1. 

In order to form a head in high density, the ink pressure room 22 arranges in parallel the field of at least 
2 trains which shifted the geometrical hit alignment of each other. Moreover, these pressure room is 
mutually separated by very few sheet-like ingredients. Generally, although this sheet-like ingredient 
remains between pressure rooms, this is for raising the dependability of association between metal layers 
so that the leakage of ink may not take place between metal layers. As shown in Figs. 1 - 7 ( Fig. 3 
shows the configuration covering the various layers of Fig. 1 superficially, Fig. 4th [ the ] and 5 shows 
the 2nd example of this invention, Fig. 6 shows the 3rd example of this invention, and Fig. 7 is drawing 
having shown each part repeatedly) The suitable example includes the train of at least four parallel ink 
pressure rooms 22, and the core of these trains is located in the location [ core / of the next train ] 
shifted. Especially, at the circular pressure room of Fig. 1, the location of the train of four parallel 
pressure rooms is shifted, and if the core of each pressure room is connected in a straight line, the array 
of a hexagon will be formed. What is necessary is just to arrange it in the shape of a forward hexagon to 
make it the smallest structure, although the core of a pressure room is located in the shape of [ of an 
inequality side hexagon ] an array. This array may increase the number of the pressure room which 
extends to which direction at arbitration and is established in an ink jet print head, and nozzles. In order 
to make it operate efficiently generally, it is desirable to have direction-magnitude, such as abbreviation, 
in the direction of the cross section of a pressure room. Therefore, it is thought that the pressure room of 
an approximate circle form is very efficient. However, the pressure room of other structures which the 
cross section made the hexagon, for example is also substantially isotropic about the cross section, and it 
is thought that it is efficient. Although the pressure room of other structures can also be adopted, 
direction-things, such as abbreviation, are desirable about the cross section. 

Although the typical thickness of the piezo-electric ceramic disk 36 is 0.010 inches, it may be thinner 
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than it or may be thick. Although it is the ideal which is made an approximate circle form according to a 
circular ink pressure room, if these disks form these disks in a hexagon, although it is small, required 
driver voltage will go up. Therefore, these disks can be cut off and made from a circular saw etc. from a 
big base material. Only 1/1000 inch only of numbers of the diameter of the inscribed circle of the piezo- 
electric ceramic disk 36 of these hexagons is usually smaller than the diameter of the corresponding 
pressure room 22, and the 1/thousands of inches diameter of the circumscribed circle of these disks is 
large. The typical thickness of the septum layer 60 is 0.004 inches. 

As Fig. 2 was explained, it connects with the nozzle to which each pressure room corresponds by the ink 
path 26. Generally, each of these paths 26 consist of the 1st section 100 where only the 1st distance was 
perpendicularly prolonged in the corresponding pressure room 22, the 2nd (offset channel) section 71 
where only the 2nd distance was prolonged in the 2nd direction parallel to the field of the pressure room 
22, and the 3rd section 104 which extended in the direction of the nozzle which is perpendicular to the 
2nd direction and corresponds. The location of the nozzle 14 of two or more trains is decided to make 
main spacing between nozzles narrower than main spacing between corresponding ink pressure rooms 
by the offset channel section 71 of a path 26. 

llie offset channel section 71 is the principal part of a path 26. Furthermore, it is arranged between the 
path 26 and the nozzle corresponding to the ink pressure room 22 and them in especially an offset 
channel section. As for a pressure room and the path 26 corresponding to a nozzle, it is desirable for die 
length and the magnitude of a cross section to be equal, therefore, the thing which each jet devices of all 
will have the same resonance characteristic, and it will drive by the same wave if the inlet-port channel 
of a pressure room assumes that die length and the magnitude of a cross section are the same — the 
abbreviation from various nozzles - it becomes possible to print in the same ink droplet injection 
property. Furthermore, since the offset channel section 71 is usually formed in the single common metal 
plate, if it pulls in the thickness of an ink jet print head, it can make weight and cost the minimum. In 
Figs. 1-8, and 15 (Fig. 8 shows the 4th example of this invention, and Fig. 15 shows a part of this 
example), the offset channel section 71 has connected between circulation spaces 100 and 104. If 0.135 
inches of spacing of the center to center of the pressure room arranged to the hexagon become, the 
distance from the core of the end of an offset channel section to the core of the other end will be 0. 1 16 
inches. That is, the die length of the geometric property of an equilateral triangle to an offset channel 
section is the pitch of an ink pressure room. *T 3/2 

It is equal to what carried out multiplication. Furthermore, although the width of face of the end which 
the offset channel 71 has next to a nozzle is 0.015 inches, the width of face of the other end is 0.024 
inches. Of course, these values can be changed. For example, the width of face of the other end of this 
channel was examined in 0.020-0.036 inches, and the good result was obtained. Although the typical 
thickness of an offset channel is 0.20 inches, this thickness may form the same layer of two sheets in 
piles. 

Again, Figs. 1 - 3 are referred to. a nozzle 14 ~ the field of the metal watch 62, and the corresponding 
field of the ink pressure room 22 - abbreviation -- it has a perpendicular medial axis. Furthermore, if the 
medial axis of these nozzles is extended until it intersects the metal watch 62, it has crossed and shifted 
to the corresponding ink pressure room. With the ink jet print head of Figs. 1 and 3 , the nozzle 14 is 
arranged at one train. Arranging linearly does not need to arrange this not necessarily linearly 
[**♦*****]. On the other hand, the ink pressure room 22 connected to these nozzles is arranged at four 
trains. Furthermore, the dimension beside a pressure room is arranged by 0.1 10 inches, and the hexagon 
array of these pressure room 22 is arranged at intervals of 0.135 inches. Therefore, these ink pressure 
room approaches only at intervals of a critical mass required for association of a metal layer, and is 
prepared. Although the diameter of a nozzle had the good range of 35-85 microns, it is not necessarily 
restricted to this range. Since diffusion of the ink droplet of a print medium is restricted in order to print 
300 dots per unit inch by water color ink, as for the diameter of a nozzle, it is desirable to make it about 
75 microns. In these examples, the suitable thickness of a nozzle plate is about 63-75 microns, i.e., 
0.0025-0.0030 inches. 
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Furthermore, in the configuration top of Figs. 1 and 4, especially an offset channel, main spacing 
between the nozzles which can be set working is about 0.0335 inches. If the line of a nozzle is in the 
location which rotated only the include angle of arc tangents 1/10 from the horizontal position in the 
case of this spacing (refer to the 8th Fig.), the vertical distance between ****** nozzles will become 
1/300 inch exactly, and corresponding level spacing will become 10/300 inch. In the case of spacing of 
the level and the perpendicular direction of these, the print head is set up so that it may print on 
horizontal and vertical both directions by the consistency of 300 dots per unit inch. 
I will consider the ink jet print head which has the configuration of an above-mentioned ink pressure 
room and a nozzle. Moreover, the number of the level dots between h and a nozzle is assumed [ the 
inverse number of a perpendicular print consistency ] to be n for the inverse number of v and a level 
print consistency. In this case, if Fig. 7 is referred to and spacing of the train of C and a pressure room 
will be set [ spacing between nozzles ] to L for s and main spacing between pressure rooms, the 
followi ng relational expression w ill be materialized, 
s = ^ vi + ( n h ) z 

C = 4 s = 4 V v* + ( n h ) 2 - 

s= (/T/2) C = 2 v/~3V vz + ( n h )* 

Furthermore, as a concrete example, if it is v=h=l / 300 inches, as shown in the following tables, the 
value of s, C, and L will be chosen to the value of various n. 

[ m 3 



n 






L(-f >+) 


10 


.0335 


.1340 


.1160 


9 


.0302 


.1207 


.1046 


8 


.0269 


.1075 


.0931 


7 


.0236 


.0943 


.0816 


6 


.0203 


.0811 


.0702 



Values other than this are calculable similarly. Moreover, the integral multiple of the inverse number of 
the level print consistency of level spacing between nozzles can apply the same count without limit. 
In Fig. 7 , the ink inlet port 20 and the ink outlet 24 of the pressure room 22 are completely established 
[ the pressure room ] for 4 ****** in the opposite side. Only one train of a nozzle 14 is arranged along 
the center of an ink jet print head, and an ink supply manifold (refer to Fig. 1 and the 8th Fig.) is in the 
outside of the boundary of an ink pressure room array. Since the flow of the ink of a pressure room is 
good in the case of restoration of ink, and purge actuation, a bubble and an impurity are easily removed 
from the inside of ink by the inlet port and outlet which were established in these antipodes. Since the 
configuration of the inlet port of this ink and an outlet makes both distance max, acoustical degree of 
separation's improves certainly. Furthermore, an ink outlet becomes near by the nozzle rather than an ink 
inlet port, and ink becomes easy to flow. 

Therefore, with the illustrated structure, the nozzle which corresponds at spacing made to approach 
further rather than spacing approached between pressure rooms may be arranged. For example, if main 
spacing of a pressure room is set to X, it is suitable for main spacing of the nozzle corresponding to this 
to make it the die length of the quadrant of X so that an above-mentioned example may show. As for 
spacing of the nozzle within the train same in order to make it a symmetrical configuration, it is 
desirable to consider as the inverse number of the number of the trains of the ink pressure room 
corresponding to the nozzle train. It follows, for example, when the number of the trains of the ink 
pressure room corresponding to the nozzle of one train is 6, it is good to set main spacing of the nozzle 
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of the train to 1/6 of main spacing of the train of an ink pressure room corresponding. Consequently, the 
very small ink jet print head which spacing of a nozzle was made to approach is realizable. When a more 
concrete example shows the point that the ink jet print head of this invention is small, the nozzle array 
containing 96 nozzles of Fig. 7 is about 0.07 inches in die length of about 3.8 inches, 1.3 inch of****, 
and thickness. 

Figs. 1 and 3 show the ink outlet channel 42 which connects the ink outlet manifold 44 of Fig. 2 to a 
nozzle 14, i.e., the channel for a purge. Usually, these channels and manifolds that were added further 
are only used only during the purge actuation period for the first Jet ink restoration actuation and cellular 
removal. Since a bulb (not shown) is used for closing the purge outlet 48, when not used, it does not 
flow for the purge style path 50. U.S. Pat. No. 4727378 by Li etc. is indicating the detailed structure of 
such a purge outlet. Generally, the path of ink is prepared out of the minute nozzle group 14 by the 
channel and manifold for a purge at each ink jet. Consequently, air bubbles and other impurities can be 
removed from an ink jet head, without passing a nozzle. These ink outlet channels and manifolds that 
were added did not produce at all effect which degrades the engine performance of the ink jet print head 
of this invention. Although the die length of a channel 42 is adjustable, for die length, 0.300 inches and 
width of face are [ 0.010 inches and the thickness of a suitable dimension ] 0.004 inches. If the channel 
for a purge and an outlet are lost, since the metal plate of the print head for constituting these is 
removable, the thickness of the print head of this invention can be reduced. 

The ink supply channel 1 8 is formed in the plate 66 between the ink pressure room 22 and an ink nozzle 
14 in Figs. 1 thru/or 3 . It is assumed that an ink jet print head is the structure of having the ink pressure 
room of four trains. In this case, in order to make it the ink feed hopper of two trains inside a pressure 
room not let between the pressure rooms of two trains of the outside of an ink jet pass, it will be 
necessary to increase spacing between pressure rooms, and an ink feed hopper will be connected with 
the pressure room of the plate located in the ink pressure room bottom. That is, the ink feed hopper is 
prolonged into the plate between a pressure room and a nozzle from the outside of an ink jet head. These 
ink feed hopper is prepared so that a location may be in agreement with a pressure room, respectively, 
and it is connected to the pressure room from the pressure room bottom. 

In order to make fluid impedance of the inlet-port channel of the pressure room of an inside train equal 
to the fluid impedance of the inlet-port channel of the pressure room of an outside train, these channels 
can be made from two different structures which has the same cross section and the same die length. 
That is, please care about the structure of 102a and 102b of Fig. 1 and Figs. 3 , 8, and 13. The 
characteristic impedance to a fluid is decided by the die length and those cross-sectional area of an inlet- 
port channel, and this is chosen so that the engine performance of a request of an ink jet head may be 
attained, and the need of making the inlet port 20 of a pressure room into the shape of a small hole or a 
nozzle is avoided. Die length of 0.275 inches, width of face of 0.010 inches, and the thickness of the 
dimension of a typical inlet-port channel are about 0.001-0.016 inches according to the viscosity of ink. 
In the case of water color ink, in the case of hot melt ink [ about one to 15 centipoise, and ], the viscosity 
of ink is about ten to 15 centipoise extent. An important thing is deciding the magnitude of an ink inlet 
port to be able to supply sufficient ink for making it operate with the full speed of a request of an ink jet 
print head, and to maintain the acoustical separation condition of an ink pressure room good here. 
As for the manifold for inlet ports, and the manifold for outlets, it is desirable to arrange on the outside 
of the boundary of the pressure room of four trains. Furthermore, making the volume of ink into the 
minimum, the dimension of the cross section of these manifolds is optimized so that compliance to the 
extent that sufficient ink for a nozzle can be supplied when all the ink jet nozzles are driven to 
coincidence, and the interaction between jet nozzles is made to the minimum may be maintained. The 
dimension of the typical cross section of this manifold is 0.12x0.02 inches. If an outlet channel and an 
outlet manifold are lost, the ink jet print head of this invention can be further miniaturized by arranging 
the manifold for inlet ports between a pressure room and a nozzle in the same layer as the offset channel 
71. This example is shown in Figs. 4 and 5 . the advantage of the structure of this latter - the inlet-port 
channel 18 of both the train inside a pressure room, and an outside train - it is good by the same 
structure, i.e., the same cross section, and the same die length. If an outlet channel is lost, it will enable a 
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layer 72 to support a thin nozzle layer further firmly. In the bottom of the train of the outside of a 
pressure room, if an inlet-port manifold is arranged completely, the array of the same hexagon as the 
pressure room of the first four trains can be extended, and the train of fUrther many pressure rooms can 
be prepared. That is, it becomes possible to form the pressure room of further many numbers into a layer 
62. This example is shown in Fig. 6 at the detail. Furthermore, Figs. 9 - 1 8 are drawings showing the 
structure of the suitable various layers for the ink jet print head shown in Fig. 8. 
Although ink is supplied to two or more ink supply channels from each manifold, according to the 
design of this invention, between the ink pressure room connected to the common manifold is separated 
acoustically. That is, in above-mentioned structure, an ink supply manifold and an ink supply channel 
function as an acoustical RC circuit substantially, and attenuate a pressure pulse. It generates at an ink 
pressure room, and such a pressure pulse goes back from the pressure room to a common manifold 
through an inlet-port channel, can go into the inlet-port channel of the next door of a manifold, and has a 
possibility of having a bad influence to the next jet nozzle. In this invention, since the effectiveness of 
compliance is acquired by these manifolds and the acoustical separation effectiveness is further acquired 
by the inlet-port channel, these pressure rooms are separated acoustically mutually. Dissociating 
acoustically means not being influenced by actuation of other jet nozzles by which the ink injection 
property of one jet nozzle was connected to the same manifold at all. It was observed that the injection 
period of an ink droplet is attained in 10 or less microseconds, and this acoustical separation was usually 
attained with the period of less than 3 microseconds. In a cross talk of this level, a print result is not 
affected at all. 

In order to follow more the path of the ink style of the ink jet print head of this invention to accuracy, it 
explains with reference to Figs. 1 and 3 . 

Ink is supplied to the ink manifold 130 (layers 62 and 64) through the ink inlet port 12 (layer 60). The 
ink from a manifold 130 is supplied to one inlet-port 132a of inlet-port channel 102a (layer 66). The ink 
from inlet-port channel 102a is sent to pressure room 22a (layer 62) through inlet-port 20a (layers 66 
and 64) of a pressure room. According to an ink droplet injection pulse or purge actuation, ink flows to 
nozzle 14a (layer 76) through connecting path 100a (layers 64, 66, and 68) from pressure room 22a, 
offset channel 71a (layer 70), and path 104a (layers 72 and 74). Opening 136a of a guard plate 78 is 
prepared according to the location of nozzle 14a, and is larger than nozzle 14a. During purge actuation, 
the great portion of ink which reached ink path 104a is sent from a nozzle through purge channel 42a to 
path 138a (layers 74 and 72). These paths are expanded as illustrated, and they are connected to the 
manifold 44 for a purge. Ink is outputted through the outlet 46 (layers 68-60) for a purge from the 
manifold 44 for a purge. 

Similarly, ink flows from a manifold 130 to inlet-port 132b (layer 66) of one manifold of inlet-port 
channel 102b, and the ink from inlet-port channel 120b is supplied to pressure room 22b through 
pressure room entrance 20b (layers 66 and 64). The ink from pressure room 22b is sent to nozzle 14b 
(layer 76) through connecting path 100b (layers 64, 66, and 68), offset channel 71b (layer 70), and path 
104b (layers 72 and 74). The ink droplet from nozzle 14b is injected through opening 136b prepared in 
the guard plate 78. The great portion of ink which reached during purge actuation at path 104b is sent to 
the manifold 44 for a purge from path 138b (layers 74 and 72) through purge channel 42b. The ink from 
this manifold 44 flows out of a print head through the purge outlet 46 as mentioned above. 
In the ink jet print head of Fig. 1, the manifold 44 for an ink purge of a top and the bottom and 44' are in 
the ink supply manifold 130 and 130' list of the bottom and the bottom. He can understand the ink style 
path to the remaining nozzles easily from above-mentioned explanation. Although used for usually 
printing black ink, the ink jet print head of Fig. 1 is usable although the ink of two colors is printed, in 
that case, supplies one color ink to manifold 130' of Fig. 1 top, and should just supply the color ink of 
another side to the lower manifold 130. 

Similarly, I will follow the ink style path of Figs. 4 and 5 . The same reference mark is given to the 
element of these drawings corresponding to each element of Fig. 1 for convenience of explanation. In 
Figs. 4 and 5 , ink flows to the manifold 130 of a layer 70 from the ink inlet port 12 (layers 60, 62, 64, 
66, and 68). Same inlet-port 12' is prolonged in upper ink manifold 130' from these layers. The ink from 
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a manifold 130 is supplied to the end of ink inlet-port channel 102a through path 132a (layers 66 and 
68). The ink from channel 102a is supplied to the ink inlet port of the lower limit of pressure room 22a 
through path 20a (layers 66 and 64). The ink from the upper limit of pressure room 22a is supplied to the 
lower limit of a offset 71a of a layer 70 through path 100a (layers 64, 66, and 68). The ink from the 
upper limit of this offset channel is sent to nozzle 14a (layer 76) through path 104a (layer 72). Opening 
136a of a guard plate 78 is prepared according to the location so that output, i.e., nozzle, 14a may be 
surrounded. 

The ink style path to nozzle 14b which corresponds from the ink style path of going to ink pressure 
room 22b, and this ink pressure room 22b is the same as an above-mentioned ink style path. Therefore, 
the element of this ink style path gives suffix b to the same reference number as the element with which 
a **** corresponds, and the explanation beyond this is omitted. The print head of Fig. 4 is used for the 
print of the ink of a single color (for example, black) or two colors like 1st [ ** ] Fig. ink jet print head. 
Furthermore, in the example of Fig. 4, the manifold for a purge and the purge channel are removed as 
mentioned above. 

Fig. 6 is a decomposition perspective view of the ink jet print head which extends this invention and is 
obtained easily. Although this print head has further many manifolds for more color ink, contiguity 
spacing of the pressure room 22 and an ink jet nozzle is held. 

Ink is supplied to each of the manifold 130 prepared in the layer 70, 130', 130", and 130** through an 
inlet port 12, 12'12", and 12**, respectively. Although these four manifolds support black, cyanogen, a 
Magenta, and yellow, respectively, such sequence is good anyhow. It will not be necessary to explain 
further, since the detail of the ink style path about these various ink pressure rooms is the same with 
having explained Fig. 4. However, the ink style path of the element relevant to the pressure rooms 22a 
and 22b which attached the reference mark corresponding to the reference mark of Fig. 4 is illustrated 
for convenience. 

The ink jet print head of Fig. 8 is used for the both-way printing device similar to a typewriter. This 
device can carry out a full color print to horizontal and vertical both directions by the print consistency 
of 300 dots per inch. It was checked that the actuation which can trust this print head to the rate which 
prints about 1 1000 ink droplets in 1 second per nozzle is maintained. It has the train of 48 nozzles used 
for printing the ink jet print head black ink of Fig. 8. It also has the train of 48 nozzles used for this print 
head printing color ink further, and it separates into black ink with a train, and this train is prepared in 
the location horizontally shifted. 16 nozzles in 48 nozzles for these colors are the objects for cyanogen 
ink, and are other objects for 16 Magentas, and the 16 remaining pieces are the objects for yellow. 
The layout of the print head of Fig. 8 can be easily changed into the nozzle configuration of one train 
instead of two trains. Even if the operating characteristic of this ink jet print head makes this change, it 
is not influenced at all. 

Figs. 9 thru/or 18 are drawings of each part for the ink jet print head which has 96 nozzles of Fig. 8. The 
spacer plate 59 with which Fig. 9 equips with a converter, and Fig. 10 A curtain board 60 and Fig. 1 1 the 
ink pressure room plate 62 and Fig. 12 a division plate 64 and Fig. 13 - a division plate 72 and Fig. 17 
show a nozzle or the output dead plate 76, and, as for the division plate 68 and Fig. 15, Fig. 18 shows 
the guard plate 78 for the ink inlet-port plate 66 and Fig. 14, respectively, as for the offset channel plate 
70 and Fig. 16. This print head of Fig. 8 is designed so that it may have the ink receptacle manifold of a 
large number which receive various color ink. In the illustrated example, it has a five-set manifold and 
two manifold sections are included for every set. Since these manifold sets are separated mutually, this 
ink jet print head can receive five kinds of color ink. It can follow, for example, this ink jet print head 
can receive the black ink for the ink of the cyanogen Magenta for a full color print, and the subtractive 
color mixture of yellow in three primary colors, and the print of a text. The 5th color which mixed and 
made cyanogen, a Magenta, and yellow on the print medium as 5th color ink may be used. Moreover, 
since black ink is usually used in case it prints a text and a graphic form, you may make it supply black 
ink to two or more manifold sets. [ than color ink ] [ more ] This concrete application is explained 
below. Furthermore, distance between the corresponding nozzles to which ink is supplied from each 
manifold section and manifold section can be made into min by establishing two or more manifold 
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sections in each color ink. In case this meets horizontally for example, during a print and an ink jet print 
head goes, dynamic change of the ink pressure generated by accelerating and slowing down an ink 
droplet can be controlled to min. 

The various layers which constitute the example of Fig. 8 of this invention are explained with reference 
to Figs. 9 thru/or 18 about the path of the flowing ink. 

Fig. 9 shows the spacer plate 59 which has the opening 140 equipped with the piezo-electric ceramic 
converter 36 of Fig. 8. This spacer plate 59 is arbitration components, serves as an outside front face of a 
piezo-electric ceramic crystal, and coplane relation, and makes the backside of an ink jet print head a 
plane. Two or more ink feed hoppers for supplying ink to a print head are prepared so that this layer 59 
may be penetrated. These ink feed hoppers are shown by the reference mark of 12c (c shows the feed 
hopper of the color ink of cyanogen), 12y (y shows yellow), 12m (m shows a Magenta), 12bl (bl shows 
the 1st black ink), and 12b2 (b2 shows the 2nd black ink). For convenience, in the following 
explanation, c, y, m, bl, and b2 are used in order to show the components relevant to the path for which 
each ink of cyanogen, yellow, a Magenta, the 1st black, and the 2nd black flows, respectively. Please 
care about that there is no need of supplying the color ink of these versatility to an ink jet print head in 
the sequence indicated here. However, the ink jet PU head shown in Figs. 8-18 has 48 nozzle groups 
for the color print of the section on the left-hand side of a print head, and 48 nozzle groups for the black 
print of the right-hand side section of a print head so that it may mention later. 
In the septum 60 of Fig. 10, ink feed hopper 12c-12b2 have penetrated this layer 60, respectively. 
Feed hopper 12c of cyanogen is connected to the cyanogen ink supply channel 142 which leads to two 
cyanogen manifold section 130c and 130c f in Fig. 11. Manifold section 130c is prepared so that the 
central part of the outside bottom of the left-hand side array of the pressure room 22 may be adjoined. 
Manifold section 130c f adjoins the part at the upper left of the left-hand side array of a pressure room, 
and is arranged. Furthermore, the ink feed hopper 12b2 of this layer 62 leads to the channel 144 
connected to the black ink manifold section 130b2 and 130b2\ The manifold section 130b2 adjoins the 
lower right part of the right-hand side array of the pressure room 22, and is prepared, and manifold 
section 1 30b2' adjoins the upper right part of the right-hand side array of the pressure room 22, and is 
prepared. 

Yellow ink feed hopper 12y leads to the channel 146 of a layer 62. In addition, connection of the Yellow 
ink to Yellow ink manifold section 130y and 130y f of Fig. 1 1 is made in another layer. Moreover, 12m 
of Magenta ink feed hoppers and the 1st black ink feed hopper 12bl have penetrated this layer 62. These 
ink feed hoppers are connected to the Magenta and the black ink manifold, i.e., the part shown in Fig. 1 1 
by 130m, 130m f , 130bl, and 130bl f , in other layers of a print head, respectively. Not ten pieces but 
required ink supply number of connections requires [ whether it is small and ] only five pieces by 
preparing a communication channel as shown by the number of 142, 144, and 146 between the separated 
manifold sections. Furthermore, by preparing a manifold ranging over two or more layers, it can be 
made to be able to increase, the depth, i.e., the volume, of a manifold, and, thereby, acoustical 
compliance can be improved. 

As shown in Fig. 12, according to the location of the manifold of the layer 62 of Fig. 11, and a 
communication channel, the same manifold and communication channel of a layer 64 are arranged. 
Similarly, in the layer 66 of Fig. 13, since the part of an ink supply manifold has attained to even the 
layer 66, the acoustical compliance of a manifold is increased farther. Moreover, the layer 66 also 
contains path 12y and 12y\ These paths lead to the edge of the communication channel 146 of the layers 
62 and 64 of Figs. 1 1 and 12. Moreover, the increment in the volume of these manifolds and the 
increment in acoustical compliance are restricted by this layer 66. 

In Fig. 14 and 15 Fig., it connects with the communication channel 148 and 12m of Magenta ink feed 
hoppers is connected to Magenta manifold section 130m and 130m 1 through this channel. Furthermore, 
Yellow ink feed hopper 12y is connected to manifold section 130y (Fig. 14) through the channel 150. 
Moreover, ink feed hopper 12y' is connected to Yellow ink manifold section 130y f (Fig. 15) through the 
channel 154. Furthermore, it connects with layers 68 and 70 (14th [ the ] and 15 Figs.) through a path 
156, and the black ink feed hopper 12bl leads to the black ink manifold section 130M and 130b2 
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through this path further. . 

Therefore, ink is supplied to each ink manifold section by the above-mentioned approach. Moreover, the 
volume of each manifold section is increasing by preparing the part of a manifold section ranging over a 
multilayer field. 

The path supplied to the black as which ink was chosen from these manifold sections, cyanogen, a 
Magenta and the ink pressure room 22b 1 of yellow, 22b2, and 22c, 22m and 22y is explained further. 
Moreover, the path of the ink style from these ink pressure rooms to the nozzle corresponding to them is 
also explained. He can also understand easily the ink style path to other pressure rooms and nozzles. 
[ explanation / this ] 

In Figs. 13 and 14, the ink from cyanogen ink manifold section 130c' flows to ink feed hopper 132of ink 
supply channel 102c c. The ink from channel 102c is supplied to the upper part of ink pressure room 22c 
(layer 62 of Fig. 1 1) through feed hopper 20c (Fig. 12 and layers 64 and 66 of 13 Fig.) of an ink pressure 
room. Ink flows through pressure room 22c to path 100c (layers 64, 66, and 68 of 12th, 13, and 14 Fig.), 
and flows to offset channel 71c (layer 70 of Fig. 15) further. It flows to nozzle 14c (layer 76 of Fig. 17) 
to which ink corresponds through opening 104c (layer 72 of Fig. 16) from the lower limit section of 
offset channel 71c. This nozzle 14c is prepared in the covering protective layer 78 (Fig. 18) according to 
the location of opening 136c. 

Similarly, the ink from Yellow ink manifold section 130y (Fig. 14) flows to inlet-port 132of ink supply 
channel 102y y (Fig. 13). The ink from ink supply channel 102y is supplied to the upper part of ink 
pressure room 22y through path 20y (layers 66 and 64 of the 13th and 12 Fig.). The ink from the lower 
part of this ink pressure room flows through path lOOy (layers 64, 66, and 68 of 12th, 13, and 14 Fig.) in 
the lower limit section of the offset channel 71 (layer 70 of Fig. 15). The ink from the upper limit 
section of this offset channel flows to nozzle 14y (layer 76 of Fig. 17) through opening 104y (layer 72 of 
Fig. 16). Opening 136y of a protective layer 78 has lapped with nozzle opening 14y. Similarly, the 
suffixes m, bl, and b2 which correspond, respectively are given to the reference number of the element 
relevant to the path of ink of frequenting ink pressure room 22m, 22b 1, and 22b2. 
In Figs. 8, 15, and 17, black ink is supplied to 48 offset channels of the right-hand side array of Fig. 15 
by arrangement of an above-mentioned manifold along with 48 nozzles contained in the right-hand side 
train of the nozzle of the plate 46 of Fig. 17. Furthermore, cyanogen ink is supplied to the first eight 
offset channels of the train of the offset channel array top on the left-hand side of Fig. 15, Magenta ink is 
supplied to the eight next offset channel, and Yellow ink is supplied to eight offset channels of the same 
train and also the 3rd group. Furthermore, Yellow ink is supplied to the first eight offset channels of the 
bottom train of a left-hand side offset channel array, cyanogen ink is supplied to the following eight 
offset channels, and Magenta ink is supplied to the following eight offset array. Thus, by constituting the 
train of the upper and lower sides of the offset channel of Fig. 15 from an interleave method, the color 
ink assigned to the nozzle of the print head of Fig. 17 which has this structure by the interleave method 
is supplied. That is, the ink of a different color is supplied to ****** each nozzle in the perpendicular 
direction of the nozzle group of the train on the left-hand side of Fig. 17. By this configuration, since the 
vertical separation of the nozzle of the ink of a certain color separates by at least 2 dots, color printing 
becomes easy. By adopting arrangement of such a manifold, and the ink supply approach, it is possible 
to change easily the array of the color supplied to a nozzle by the interleave method by request. 
Thus, the example of this invention of Fig. 8 is small, manufacture is easy, and the ink jet print head 
which has the function which was excellent in versatility is realized. 

Although the suitable example of this invention was explained above, it is clear to this contractor that 
various deformation and modification can be carried out if needed, without not limiting this invention 
only to the example explained here, and deviating from the summary of this invention. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Fig. 1 the decomposition perspective view of the suitable example of the ink jet print head of this 
invention, and Fig. 2 Drawing of the ink jet print head of the single nozzle used as the base of this 
invention, and Fig. 3 The mimetic diagram showing superficially the configuration covering the various 
layers of the ink jet print head of Fig. 1, and Fig. 4 The decomposition perspective view showing other 
suitable examples of this invention, and Fig. 5 The configuration covering the various layers of the ink 
jet print head of Fig. 4 a superficial **** mimetic diagram and Fig. 6 The decomposition perspective 
view of still more nearly another example of this invention, and Fig. 7 The example decomposition 
perspective view of everything [ Fig. / an ink pressure room, an ink feed hopper, an ink output path and 
the mimetic diagram showing an offset channel repeatedly, and / 8 ] but this invention and Figs. 9 or 18 
are top views of each class which constitutes the ink jet print head of Fig. 8. 
60: The 4th plate (septum layer) 
62: The 2nd plate (ink pressure room layer) 
64, 66, 68, 70, 72: The 3rd plate (ink path layer) 
76: The 1st plate (nozzle layer) 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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FIG. 68' 




[ -- the -- 6B Fig.] 
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[Fig. 15] 
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[Fig. 12] 
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[Fig. 13] 
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